1 STRENGTHENED HOLLOW FI BRE MEMBRANES AND METHODS FOR FABRI CATI NG THE SAME
Field of the Invention [0001] The present invention generally relates to
filtration technologies, and nore particularly to strengthened hol |l ow

fi ber menbranes that can be used for mcro-filtration and
ultra-filtration, and nethods for fabrilcati ng the strengthened hol |l ow fi ber

menbr anes. Background of the Invention [0002] Polyneric hollow fiber
menbr anes hSVBENGRHENSED TOLEOW FIBRIsVIMBRANES ASYD METH DS FOR,

filtration, one of its broad i i i Lration separates m xed
conponents in either |iqui dngﬁﬁ%I?&h\g(g?&EiS@@o t he sizes and/ or charges
of the conponents. Thus, polyneric hollow fiber nmenbranes have been
extensively used in nmaterial purification and wastewater treatnent. For
exanpl e, in the wastewater treaFiekhefthelpventigat er i s passed through either

the bore or shell sides of multiple mcroporous hollow fiber nmenbranes.
Sonme conponents (e.g., water) diffuse through the m croporous walls of

such fi bpwofrenbr anEke pfebént tilensibe lgknailly dlgtes icdfiBraibn tdvBnblobiesvintli here
menbranes, formng a perneate, while other conponents are sele ﬁi vel y
r ej ect edpdliculadn torsEengihansd hollay fibes membrarssdher@nrhgrused foranicre-filteationhe
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produci ng polyneric hollow fiber menbrane rely on use of a spinnerette,
whi ch conpri ses an annul ar extrltési on orifice and a central bore- formng
tube, for extruding a pol ynedackgepuad;ofithe lRvsnHeR| ow fi ber menbranes. See,
e.g., US Pat. No. 5,209,883. Specifically, a polyneric dope or
extrudate, which is formed of either a nolten polyneric material (as in
mel t ext [ooe2jon) or Palypmrigrienliosy fibdremérabrades batevaldngated eergml Wwamdns (saghatn

Such spi HirerdsE tisetchir FrBomE- 0 o i oo A TGF ejs | QEONC SPPBIES ey ced
through th&noseid hileithef fighflsNdNgadet DRI SHED (BPISHREBHIR, cHaBoRXSf ke a
pol ymeric p?ecursor article having a relatively "soft" tubular wall forned
of the nobmponeptd. yiFbus, qrolytheripbpomerfier membranes have been extensively used in
material purification and wastewater treatment. For example, in the wastewater treatment,
wastewater is passed through either the bore or shell sides of multiple microporous hollow
fiber membranes. Some components (e.g., water) diffuse through the microporous walls of
such fiber membranes into the shell or bore sides of the hollow fiber membranes, forming a
permeate, while other components are selectively rejected by such microporous walls and
therefore form a retentate. The porosity of such hollow fiber membranes determines the
specific compositions of the permeate and retentate.
[0003] One known method for producing polymeric hollow fiber membrane rely
on use of a spinnerette, which comprises an annular extrusion orifice and a central bore-
forming tube, for extruding a polymeric material into hollow fiber membranes. See, e.g.,
U.S. Pat. No. 5,209,883. Specifically, a polymeric dope or extrudate, which is formed of
either a molten polymeric material (as in melt extrusion) or a polymeric material dissolved
in a solvent (as in solution extrusion), is pumped through the annular extrusion orifice of
such spinnerette, and a bore-forming liquid or gas is concurrently forced through the
central bore-forming tube of such spinnerette, to extrude a polymeric precursor article

having a relatively “soft” tubular wall formed of the molten polymer or the polymeric



2 solution. Subsequently curing and/or drying of such tubular wall forms a
polyneric hollow fiber nmenbrane. [0004] US 2004/0197557 Al di scl oses

anot her process for fabricating polyneric hollow fiber nenbranes.
Specifically, a renovable solid core fiber is provided for coating one or
nore |layers of a polyneric nenbrane-fofmng material thereon. After
treating the polyneric nenbrane-formng nmaterial |ayer to forma

sol i di fisdutipal Bubsdquentyndurmgandioadiyigg of sueh trbmbn wallfbuhsa pelymedc hellew sol i d
core fibgr is selectively renoved, |eaving an elongated |unmen inside the
solidifi ‘E\erﬁ‘bqf‘it?%ﬁ“?'c menbr ane. [0005] The cross section of the hollow fiber

merbr anepgy Usual | ys appamed 7557 ATEscIdRIBAARS: frasess bt iblicamad psigmeriat i on
| ayer on the top of a porous support |ayer. However, nenbrane-forning
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m xed with pore form ng agent polyethyl eneglycol and surfactant Tween-80
and t henhayiegia aponencphiabular shapsi the sobif para Bber is slpgiivglierampveds KRUn® 8| ow

fi ber menbrane,, The.ne ng: §: 1 hi hod is not strong enough
and the fPESTAMISH %@gf&ﬁﬁ%‘%@%@é@ %‘5@3%%3- 71168, 7. 2% of
pol yet hyjoges gl ycCoIThe srozslgtionss fertllovdiber ngnhbgertis udlailgwsymmetie. flhax is

still not high enough. [0008] In Chinese patent CN1128176A, PVDF has been
ni xed wi MBMATang |ha%ﬁ§qncaonaé@¢m}qnda¥%pa the;1oRioh § PRERISSUPROTS Y $ra TR hnd
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particles and then nelted to produce a holl ow fiber nmenbrane with | arge
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polyethyleneglycol and surfactant Tween-80 and then used above phase transfer formation
technique to form a hollow fiber membrane. The membrane formed by this method is not
strong enough and the flux is low.

[0007] In Japanese patent 3-71168, 7.2% of polyethylene glycol is added as pore
forming agent. However, the flux is still not high enough.

[0008] In Chinese patent CN1128176A, PVDF has been mixed with a solvent, a
polymeric pore forming agent, a surfactant and other agents to produce hollow fiber
membrane. When these agents interact with each other, a high flux hollow membrane is
formed.

[0009] In Chinese patent CN1265048A, PVDF has been mixed with organic as
well inorganic particles and then melted to produce a hollow fiber membrane with large
inner diameter. The membrane can be used in high viscoucity media.

[0010] All above-mentioned hollow fiber membranes are not strong enough to be
used for separation processes in heavily polluted media. The fiber may break when air
agitation is applied to clean the membrane.

[0011] The present invention has improved the composition of the spinning
solution by adding nonsoluble high strength fibers to form a supporting frame. Therefore,

a hollow fiber membrane with proper pore size, high flux, and high strength is formed.



used for separation processes in heavily polluted nedia. The fiber may
break when air agitation is applied to clean the nenbrane. [0011] The
present invention has inproved the conposition of the spinning solution by
addi ng nonsol ubl e high strength fibers_to forma supporting frame.
Therefore, a hollow fiber nenbrane w th proper pore size, high flux, and
high strength is formed. 3 Summary of the Invention [0012] Therefore, one
of n’{)he obj ec':]i ves of the present invention is provide to a hollow fiber
menbrane with inproved strength so can. be used in treating heavil
pol | ut ed wast ewater. [0013] | Bﬁgag's‘fa)lltkftlﬂ engion present |nvent|o% therey
is provided a strengthened hollow fiber nenbrane that is forned from a
conposition, wherein the strength hollow fiber nenbrane has the follow ng
char act ef00$2]i cs: eXherefere, @llilfaﬁgﬂ@r ojectives-ofthg present mt"ﬁﬂ@&h’ésligob*ﬂeéo% 1mm
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pr esent pamﬁmw@ﬁewathﬁre IS provi ded a corrposition for form ng a
strengthened hol | ow fi ber membrane. In one enbodi nent, the conposijti on
conpr i sef043Inenbr aHeope raﬁli)@?g o she, prgsentninyentions there g provided astigpgipened
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preferab one or nore onen 5 selecte e group
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wt % an or ore form ng agent ef b wt % .a
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PVDF copgioyaier has Itndthasdspedi%fakie prsent \inventionethefel 19anmd@edrmumnmsmnn ts.
In yet another enbodi ment of the conposition, the g\%ﬁ ranﬁt orm n oI ymer
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preferably 50-80 wt%; a non-soluble fiber that is preferably 0.5-10 wt%; and one or more
components selected from the group consisting of an inorganic pore forming agent that is
preferably 1.0-15 wt%; an organic pore forming agent that is preferably 4-20 wt%; and a
surfactant that is preferably 0.05-3%wt%.

[0015] In another embodiment of the composition, the membrane-forming polymer
is selected from the group consisting of PVDF, PVDF copolymer, and a mixture of both;
wherein the PVDF copolymer has at least 60% or more vinylideneflouride monomer units.
In yet another embodiment of the composition, the membrane-forming polymer comprises
a base polymer and an additive polymer; wherein the base polymer is selected from the
group consisting of PVDF, PVDF copolymer having at least 60% or more
vinylideneflouride monomer units, and a mixture of both; and wherein the additive
polymer is a hydrophilic polymer. In a further embodiment of the composition, the
hydrophilic polymer is selected from the group consisting of polymethacrylate,
polyvinylalcohol, a copolymer of ethylene and vinylacetate, polyvinylpyrrolidone,
polyethyleneoxide, polyvinylacetate, polyacrylic acid, polyacrylonitrile, polyvinyl gutyral
resin, and a mixture thereof; wherein the hydrophilic polymer is preferably 1 to 10 wt %.
[0016] In yet another embodiment of the composition, the solvent is a strong polar

compound selected from the group consisting of dimethylformamide (DMF),



vi nyl i denefl ouri de nononmer units, and a m xture of both; and wherein the
additive polyner is a hydrophilic polynmer. In a further enbodi nent of the
conposition, the hydrophilic polyner is selected fromthe group consisting
of pol ynmet hacryl ate, polyvinyl al cohol, a copol yner of ethylene and

vi nyl acetate, polyvinyl pyrrolidone, pélyethyleneoxide, pol yvi nyl acet at e,
pol yacrylic acid, polyacrylonitrile, po[gvin | gutyral resin, and a
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enmbodi mefergprefarably br%(gs f-on, the non-soluble fiber is selected fromthe
group copgiAting of, gbRgsothiO&hbodiRlchP Bf I ESmpRRhiNE thY h8ARoluble fiber is

pol ypr opyl ene, polyim de, polyaram de, polyethylene terephthalate and a
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the inorganic pore forming agent is more preferably 1-15 wt%; and wherein the size of the

inorganic pore forming agent is preferably less than 10um.

[0019] In yet another embodiment of the composition, the organic pore forming
agent is a water soluble compound. In a further embodiment of the composition, the water
soluble compound is selected from the group consisting of polyethylene glycol,
polyoxethylene, polyvinylpyrrolidone, polyvinylalcohol, methylcellulose, and a mixture
thereof. In still further embodiment of the composition, the organic pore forming agent is
more preferably 4-20 wt%.

[0020] In yet another embodiment, the surfactant is an organic surfactant selected
from the group consisting of cationic surfactants, anionic surfactants, amphoteric
surfactants, and nonionic surfactants. In a further embodiment of the composition, the
surfactant is selected from the group consisting of dodecyl sodium sulphate, dodecyl
benzosulphonate, hexadecyltrimethyl ammonium bromide, secoctanol polyoxyethylene,
dodecyl amino sulphonate, flouro surfactant, Tween-20 and Tween-80, preferably 0.05-
3%wt%.



agent is a water soluble conmpound. In a further enbodi nent of the
conposition, the water soluble conpound is selected fromthe group

consi sting of polyethylene glycol, polyoxethylene, polyvinylpyrrolidone,
pol yvi nyl al cohol , nethylcellul ose, and_a m xture thereof. In still further
enbodi ment of the conposition, the or ggni c pore formng agent is nore
preferably 4-20 wt % [0020] In yet another enbodinent, the surfactant is an
or gani ¢ B@Rflact ant Insxdt esetber aspeds of theeregentipvensioni deteny petvidedta raethed for
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wherein the cohposition conprises: the nmenbrane-form ng) polymer that is
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is preferably 2-30 wt% and the surfactant that is preferably 0.01-5 wt%

[0022] TH9228bove afbe abdvsrandisither obigetvesnad advantacasebthefinvention WlEReGoBI® wi | |

become apparent from the following detailed description of preferred embodiments thereof.

Detailed Description of the Invention

[0023] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0024] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0025] While the present invention will be described in reference to the
accompanying drawings, the specifics and details are provided for the sole purpose of
illustrating the principles of the present invention. It is to be appreciated that the present
invention may be practiced without employing the specifics and details. Furthermore,
certain variations of the specifics and details in the practice are permissible without

deviation from the principles of the present invention.



apparent fromthe follow ng detail ed description of preferred enbodi nents
thereof. Detail ed Description of the Invention [0023] The present invention
may be understood nore readily by reference to the follow ng detailed
description of certain enbodi nents of {he invention. [0024] Throughout this
application, where publications are rererenced, the disclosures of these
publications are hereby incorporated by reference, in their entireties,
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hydr ophi boly vhoy lpyerolidenkudeolyethyleneoxide, polyvinylacetate, polyacrylic acid,
polyacrylonitrile, and polyvinyl gutyral resin. In order for the functionality to be
effectively imparted to the hollow fiber membrane without properties of the base polymer
being adversely affected, the content of the hydrophilic polymer is preferably chosen to be
within the range of 1 to 10 wt %.
[0027] The reinforcement fiber contributes the strength to the resultant hollow fiber
membrane. As mentioned above, when a hollow fiber membrane is employed in
wastewater treatment, it has to have the strength to endure the constant agitation and high
pressure during the filtration. The PVDF hollow fiber membranes resulting from the
known methods are not strong enough to meet the challenge of treating heavily polluted
wastewater because the treatment has to be done under high turbulence and pressures.
Surprisingly, the inventor of the present invention discovered that the embedded
reinforcement fiber increased the strength of the PVDF hollow fiber membranes. In one
embodiment, the reinforcement fibers are short fibers including glass fiber and carbon
fiber. In another embodiment, the reinforcement fibers are organic polymer fibers
including polyethylene, polypropylene, polyimide, and polyaramide if proper solvents are

chosen during the fabrication process described in detail hereinafter.



pol ynmet hacryl ate, pol yvinyl al cohol, a copol yner of ethyl ene and

vi nyl acetate, polyvinyl pyrrolidone, polyethyl eneoxide, polyvinylacetate,
pol yacrylic acid, polyacrylonitrile, and polyvinyl gutyral resin. In order
for the functionality to be effectivegy i nparted to the holl ow fiber
menbrane wi t hout properties of the basé pol yner being adversely affected,
the content of the hydrophilic polyner is preferably chosen to be wthin
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PVDF- based hol |l ow fi ber nmenbrane can be fabricated. I n one enbodi nent, the
conposi t?@ﬁ“%ﬁ@é@r@swwlﬁéﬁim ng pol yner, a solvent, an organic
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vinylideneflouride monomer units. The membrane-forming polymer further comprises one
or more additional polymers that impart to the hollow fiber membrane certain
functionalities including wettability. In certain embodiment, the additional polymers are
hydrophilic polymers including polymethacrylate, polyvinylalcohol, a copolymer of
ethylene and vinylacetate, polyvinylpyrrolidone, polyethyleneoxide, polyvinylacetate,
polyacrylic acid, polyacrylonitrile, and polyvinyl gutyral resin. The additional polymers
may be about 1-10% by weight of the membrane-forming polymer. The membrane-
forming polymer is preferably about 10-40% by weight of the composition, more
preferably 15-30%.

[0031] The solvent is necessary for dissolving the polymers in order to make the
composition suitable for extrusion. In one embodiment, the solvent for the composition
comprises a strong polar compound selected from the group consisting of
dimethylformamide (DMF), dimethylacetamide (DMAC), N-methylpyrrolidone,
triethylphosphate, dimethylsulfoxide, cyclobutylsulfone, and a mixture thereof. The
solvent is preferably about 50-90% by weight of the composition, more preferably 60-80%.

In certain embodiments, the solvent further comprises one or more weak polar compounds



agent, the inorganic pore formng agent, and the surfactant. Wiile specific
chemcals and materials will be used hereinafter to illustrate the
principles of the present invention, it is to be appreciated that the
listed chem cals and materials are not i ncl usive and ot her suitable

chem cals and materials may al so be uséd. [ 0030] The nenbrane-form ng

pol ymer conprises a base polyner that is PVDF or PVDF copolyner or a

m xture wiclusbng dicpDe, betpodyayemndhagnixturk eheteob09%bher wasl olar compound is

vi nyl i denet.l oyri de mer_uni.ts.. The nenbrane-form ng pol yner further
conprisegm%ﬁgﬁy8&“%3?%8&ﬁdw?ggﬁipxﬁ%WVﬁﬁ?@nthat i npart to the hollow fiber
menbr anefoeszt ai N Obddikd ipBlydhdrt e fonbinidhseht WRLh A pdIyathylofic GRYdadi dan

enbodi nent, the additional polymers are hydrophilic polyners i1ncluding

pol ynet hiaepipvatilow pbilify ofyapainiag splutignc pps| {prming perfemnpanice rndamgmbrane

vi nyl ace . I Nyl rolj yet I de. Vi acetate,

pol yacr yyurouE o 8D Bnehbitfe Rt BT PG o inaR b BHRSGhE
addi ti onat npgeysRitlse Wiy beludlobmpolifds Bylevridghiibmothd e bhsistng wfm ng

pol ymer. The menbrane- formng pol yner isgg;eferably about 10-40% by wei ght
of the cbplysshylesn, ghyeel. malyexetbyienes- pobyipdpziglidans. wlywnaylajeohol,

necessar ' A rs A r . L.t {coN
sui t abi Ly ioghREE; Wbt GRRABE R ool bodiBpliE e bileo 8 RABAILY, o1
conpr i sepolgcthvlenaglywol & prderpblyristtvedre 20@40J000 M dltoa; gieomplecalas ivatightgpfof

di et hyl f or mam de, (DMF),  dj pet hyl acet ani de (DMAC), N-net hyl pyrrol | done,
triethyl B?ﬂéf%}ﬁ%ﬁd‘%l,enai ﬁ&fﬁ@kl&ﬁﬂ@ﬁﬁ% Daliany @BU’F‘;‘?FPS'UF}?%%‘?IC%{‘HB%/ ekt o

t her eof : ' I P '

composi t 1oy H Mol Bl 300000 1 matlo BADK, AR Ghkard pHYRer B, o
further fommg spest Bpeeforablypabeun2dK%pby aeigho ofiha cdmp8sition lmiake pgefdiablyahe,
but anone fnd a mxture thereof. The weak polar conpound is preferably
about 1-%Qo°by wei ght of the conposition. [0032] Organic pol yner pore
form ng peggdit Suchrgs ¥ &Rroformal AnRIPHEKERRY 288 dlshbitionf
spinningﬁggﬁution, po?%ﬁ?oﬁﬁgﬁg ggffornaé%%&gﬁﬁ neég%éne ydroSEiL}city.
I n one eobthti erempgsitidne(spirging solptibyirbut has v abiticn gf diffusior enghrenydsiomne

Hence, the interface between spinning solution and coagulation solution cannot be fully

wetting in order to make the two solutions diffusion each other. In addition, organic
polymer pore forming agent is dissolved in the spinning solution in the molecule form and
not easy to form through holes during coagulation. In order to form more through holes, a
large amount of pore forming agent is needed. However, the addition of the large amount
of organic polymer pore forming agent causes high density of pores and reduces the
strength of the hollow fiber membrane. Therefore, in order to strengthen the hollow fiber
membrane, reinforcement fibers discussed in detail hereinafter are introduced into the
membrane-forming composition.

[0034] Inorganic pore forming agent such as calcium carbonate is dispersed in the
spinning solution heterogeneously. After forming membrane, the trapped inorganic pore
forming agent can be removed by acid, base, or solvent from the membrane to form pores.
This method can form bigger size pores and through holes. Therefore, the membrane flux
is high. In one embodiment, the inorganic pore forming agent is one or a mixture of the
following compounds: LiNO3, NaCl, CaCl2, CaCO3, Ca(N03)2, SiO2, A1203, Clay, and
the like. The total content of inorganic pore forming agent is preferably 0.5-20% by



or nore of the water sol uble conpounds selected fromthe group consisting
of polyethylene glycol, polyoxethylene, polyvinylpyrrolidone,

pol yvi nyl al cohol, nethylcellulose, and a m xture thereof. In certain
enbodi nents, the nol ecul ar wei ght of polyethylene glycol is preferably
bet ween 200- 20, 000 Dal ton; the nol ecul & wei ght of pol yoxyethyl ene
preferably 100,000 Dalton or nore; the nol ecul ar wei ght of

pol yvi ny wpight of thd @nmppsiibermdreyprdferablol -1 5%1 . Thersidel dfdine iDatganie. polthdrmimgani c

pol yrner or . form agent .1 s preferably about 2-30% by wei ght of the
conposi t 19 1%?%”&?’8?@?&‘8?9%‘“ 20% [0033] The organ(l)c pol yner pore
form ng t can %gbut E@ac‘ﬁ Nyfc P'sgéhSE? ﬂé%ﬁ -20Pfs %&ﬁi %hltoh%d

(spinnin | ution s [ ow ab fusion SI on. Hence,
the int eeﬁmtsmrbe@rgmm syrfavtdamgs sad ot ammxamd of dagfdllatiiog cxabbmtlsurfaaztamta,ot be

fully wettlng fg der to make 1tfhetwo solutlofs d'ffucf) %Iﬁ tlﬂ her. In
addi t i on2MGR G Cta%i gmhotpre surfagiant 9g nggieAte SuLtagiaats PACHA SOUR M ni ng
sol uti Onsmphétbedé”@cﬁpyé&omfam@w heQQ&ec?&%ﬂﬁe h?l B%mnﬁmw&hldaog&%cﬁm ng

coagul ation. I'n order to fotmnorfe throlug | arge ambunt of pore
form ng agbnizyeﬂsylmdedecyﬂ-kamn@sulphm&adhhuto snrfaytantt hEwtear2feazhibwaen-80f

Che™"st v SRt ARGt Sonieh i AR o, ERRR IR R FERS Pt B HeRenffe o0 oS
st rengt hgR thpeofRirfabttnf hdear Fofr@;fm;;ﬁ@%onfo@iéﬁﬂa@@ﬁﬁ@tpréféﬁsm -D9oHUSSigHE | N

detail hereinafter are introduced into the mnmenbrane-form ng conposition.

[ 0034] | abitlaspeippsitiens endifhipragunfiacient ks asef@rabbﬁ 0dScdpohatvweeigkt of Higer sed
in the %Bnnl n(g}csol ution heterogeneously. After form ng nmenbrane, the
trapped ¥ pore form ng agent can be renoved by acid, base, or

sol vent toro@sp t he nERBEaMBinaton 6f fieRBEDEc polyMESPHRHREnE agent, Qﬁmgbm@g@fe si ze
pores and through holes. Therefore, the nenbrane flux s high. In ane

enbodi mefRrming agenionusheHrEackr sesulls i stgblegand strangohrllogy ﬁhemmﬁmbraélewwlhe
B e L
preferab byheQ/cB-thﬁ%h&)Mnﬁluw&logﬂﬁnemibntdfelllcmﬂmﬁdrﬁpmmsmﬂI’tbe pregdbedambfoymingl 5%
The si Zecgl];lpcgsqgorll ?18{ %glnyl I(;IIIFl)l(I)I{IZeCSf t(ljlg rTs1h01§{com1ngs for each component when they are
alone, but also brings all their advantages together. For example, the organic polymer pore
forming agent alone helps thickening and dispersion of the composition (spinning solution)
but has low ability of diffusion and emulsion, the inorganic pore forming agent alone
results in an unstable composition that makes spinning process difficult, and the low
molecular weight surfactant is not suitable for dispersion and thickening. Surprisingly, the
combination of three components in the composition improves the compatibility of all
components, makes even distribution of all components, and makes mass transfer in the
interface between spinning solution and coagulation solution fast. Therefore, the hollow
fiber membrane has even pore distribution.
[0037] A nonsoluble reinforcement fiber such as glass fiber is added in the spinning
solution to improve mechanical strength of the hollow fiber membrane. In one
embodiment, the nonsoluble reinforcement fibers are short fibers such as glass fiber and
carbon fiber. In another embodiment, organic polymer fibers such as polyethylene,

polypropylene, polyimide, and polyaramide can also be used if proper solvents are chosen.

The nonsoluble reinforcement fiber is preferably about 0.5-20% by weight of the



agent is preferably I ess than 10m [0035] Low nol ecul ar surfactant such as
Tween-20 is good for diffusion and emulsion. Organic surfactant is one or
a mxture of the follow ng: cationic surfactants, anionic surfactants,
anphoteric surfactant or nonionic surfactant such as dodecyl sodium

sul phate, dodecyl benzosul phonate, hexatlecyltri nethyl ammoni um brom de,
secoct anol pol yoxyet hyl ene, dodecyl am no sul phonate, flouro surfactant,
Tween- 20campositienitgd o byapwd thetr thegastlulle meiefurcdnsenp fibke isabixgd 0vid the% by

wei ght of .t he cof osition, .depend] t he t e of surfactant used. For
exanpl e, “HBHTLARGIRG fopms sy teng{hepeet By bS8y el ght  of ¢ he

conposi t jogge] and fidlflg' t AnStHéf RBEABY tHeSprevesf ﬁﬁf&hio)ﬁ &e&ﬁs Bridddya methedforof t he
conposition. [0036 he conbi nati on of the orﬁanl c polymer pore formng

agent , |fﬁbrlg@tmgcthp cléowmcnmnglbwg@nﬁ teehmiiusioa @d:plaast: investion ef hallost Abdre and

strong hol | ow fi ber ,menbra 00d s YA of

Wt hoat | EERHRS BEY BB GAPIRgFiR i PG, « BARS pREb e My, o
the uni qERss10EDpPdior@tnDly Fith ddMesR manpoRaANWEhigoré HermiRBEeAe td d6ri ag
conposition not only mnimzes the shortcom ngs for each conpaonent_ when

t hey ar espignisgesolusign. alty® selufiggds hen ipjpsted @mhtaagggmnég@tzﬁérmm%bat
exanpl e, .{ Qe Pr{#é‘dbgﬁla%hy{é?@o%orgolxrfeﬁ{ Qﬁd‘gfu%%% g%}et%t Q?'d udell! gﬁf{ﬂ[ ng and

di spersi on of n(sprnning s utlon owa y of

di f f usi oaoa@nthtﬁmﬁoaum The poheiigafors pomcﬂlof»\oﬁtfbmgleﬁgaeaiﬁe axheatbethls @haget s in
an unstabl e conposition that nakes_spinning process difficult, and the | ow
mol ecul alaRTg the§e¥erw@ﬁhm.hellﬁmﬁ@nme@br@efcaﬁ bepsEalled by thgePranasiieani ng.

Sur pri si B%ésg%ﬂnﬁsgts?@ﬁp ’E@Eﬂn?x{ka;ﬁfocés%ﬁ@ 8&%@9&1{%9{ th8 pfdAfbrGRIPOSI ti on

i nproves conp nents, es even distribution of
al | conpmoss]ts, anth whkesmbedimeht,athsf ksllow fitiee memﬂaeenfeacaeqmspmed Ipianni ng

sol ution and coa ation solution f r ef re the_ holl ow fi ber
menbr aneC‘H&@n%ﬂ’/‘Bﬁ% Pbéﬁee‘néi?ré’c% HaEsSen aﬁf’d@%@ fa)&e OHAIBE P9IENGTe T BATAG RRLSt
fiber sugh.@s, %hﬁ%?o@#rﬁﬁg& Oef%‘lﬂﬁda ”sutrrfégbtg%ghfé”éh@%lv&%hﬁ infRed & LPRIAVE

mechani cal st ré&ngt rane. In one enbodi nent, the
nonsol ubbdvemi Ahencreirdotcemiehiefilseranse ahﬂ@dtintb|thxeccsmpmthprasTg¢rawkbllb§owand

gg{ Sg? h;% gaﬁr%ent and Or;[ Q)?tgac% rIT)%(r)ed Eggnr‘gtwuh E)gs%rs" gc1 S, &J/aqEr orf Iorbg%;usc ssolfvent *The
hollow fiber membrane produced by this method has an external diameter of 0.3-3mm,
wall thickness of 0.05-1mm, porosity of 50-90%, pore size of 0.01-1pum, break strength of
0.6-2Mpa, and water flux 400-4000L/m2.h at 0.1MPa , 25°C.
[0040] The following examples are provided for the sole purpose of illustration of
the principles of the present invention.
[0041] Examples
[0042] The following examples have used common spinning conditions. Melting
index (MI) of PVDF is 2-15. The membrane-forming polymer, solvent, additives are
warmed and stirred in a reactor to form a spinning solution; then solution is filtered.
Reinforcement fibers are added and stirred to mix evenly. After the solution is degassed, it
together with a core solution passes through a spinning nozzle and drops into the
coagulation solution to form a hollow fiber membrane.
[0043] Example 1
[0044] 1000 grams of 2um calcium carbonate particles were stirred vigorously in 5
kg dimethyl acetamide (DMAc); add 2kg more DMAc, 2kg PVDF resin, 500g
polyethylene glycol, and 100g Tween-20 and mixed evenly. Filtered the solution. Added



pol ypr opyl ene, polyim de, and pol yaram de can al so be used if proper

sol vents are chosen. The nonsoluble reinforcenent fiber is preferably
about 0.5-20% by wei ght of the 10 conposition. It is to be noted that the
nonsol ubl e reinforcement fiber is nixe? with the solution and thus forns
in-situ strengthened fiber nenbrances. 10038] In yet anot her aspect of the
present invention, there is provided a nethod for fabricating the holl ow
fiber medBomglss Abeeehdistiue Deghseddhpisabitionrandrthéropasséd thob Ispinninghretution
menbr ane be egg oyed in this in

ol yror - SN S sEPBing Frels dp brrbtnaeRptar PRTBID Sfter i) TUAEER pur

form ng ageRt] kSlufied 9 Rmo¥P caldiuRDcABbnktd Al getMoBowalbet iemblanet MK inAgect ed
t hrough a spinni n%b];lozzl e into a bath cont a| ni ngﬁcoa gul ation sol ution.

Sol vent aﬁ‘dSLHQiPé’H qHovgfibgremembrangihdd nsertiameter §.8mm or@élgthlc&nm@ ot i on.

bore o 5 Bk SREAEn B 1PRine” Melsk G oPEREANG Q503 it SoROBREG ihebrodlly T

conposi tr7§>%, of the spinning solution, spinning process and post treatnment
of the menbrane. [0039] In one enbodi ment, the hollow fiber nenbranes are
prepar ed[®¢5la  conbemriesn withgxmplader si on process. The nmenbrane-forning

POLYTe . 4o 92 C 1B Sm ARSI anoOL SRLLEARG! VOTY (ML BB LBk RCt T

are diss d and mxed'in a réi nforcenen ers are

added i nparticks 7k@@&3bt21¢grPVHheS’00gmk5€etﬁy¢éﬂechycoﬂl1I(mgﬂ1wceﬁm tised nheestinteact
pore agent with bases acids, water or organic solvent. The holl ow f| ber
menbr ane PRCEtAssdamplet i 4 hallow sthenmembrang abtained hadiianes diamedgr 0 @HBM‘ﬁ wal |

St engt near g E23EE AR Rshed il e MR i &M B8 00a0)

The fol | size 0d vexanipoessigrd®pr ovi ded for the sole pur pose of illustration of
the pri nC| pI es of %ﬁ Bf sent i nvention. [0041] Exanples [0042] The
foll ow n é?(lanpl es "fa¥8'°ursed conmon spi nni ng conditions. Melting index

(M) of Rl is 2- 5pog THSOERIDE #0%a LOr 11 mu@wér%ﬁneé% §Bhsly adikg Wes are

war med and stirred |n a reactor to forma spinning solution; then solution
i s filtenethylpyrrolidone. Added 2kg PVDF resin, 500g polyvinyl pyrrolidone and 100g Tween-

80 and stirred to mix evenly. Filtered the solution and add 100g polypropylene short fiber
and stir. Degased the solution and carry out spinning as example 1. Used 4% NaOH
solution to remove AlI203 to get a hollow fiber membrane. This external pressure PVDF
hollow fiber membrane had inner diameter 0.5mm, wall thickness 0.15mm, break strength
0.62Mpa, water flux 1270L/m2.hr at 0.1Mpa, 25°C, pore size 0.2um, porosity 78%.

[0049] Comparison with example 2

[0050] The formation in example 2 changed to_500g ALOs sized from 20 to
80nm_ 7kg N-methylpyrrolidone, 2kg PVDF resin, 500g polyvinylpyrrolidone, 100g
Tween-80. The external pressure PVDF hollow fiber membrane had inner diameter
0.5mm, wall thickness 0.15mm, break strength 0.32Mpa, water flux 1200L/m2.h at
0.1Mpa, 25°C, pore size 0.2um, porosity 81%.

[0051] Example 3

[0052] 800g of 2um calcium carbonate particles were stirred vigously in 5kg
DMAc. Added 1.8kg DMAc, 1.8kg PVDF, 780g polyvinylpyrrolidone and 20g flouro
surfactant FC-4 and stir. Filtered the solution, add 100g glass fiber and stir. Degased and
then carried out spinning as example 1. Used 2% HCI solution to remove calcium

carbonate and obtain inner pressure PVDF hollow fiber membrane with inner diameter



Rei nforcenent fibers are added and stirred to m x evenly. After the
solution is degassed, it together with a core solution passes through a
spi nning nozzle and drops into the coagulation solution to forma holl ow
fi ber nmenbrane. [0043] Exanple 1 [0044,] 1000 grams of 2um cal ci um car bonat e
particles were stirred vigorously in 512 kg di nmethyl acetam de (DMAc); add
2kg nore DMAc, 2kg PVDF resin, 500g polyethylene glycol, and | OOy Tween-20
and m xet.8ewmniall thitkhessOeimmheealodtiengthir(). 930dpe dvatdr fhooip 1§LAsZ hif atherMpad

stir. De% d the sooé ution and then passed this spinning solution through
a spi nni %ﬁi&%%@i mB™a coagul ation bath with water as coagul ati on agent.
Used 2%ggkd; sol ut EQample 4" enove cal ci um carbonate and get hol | ow fi ber
menbrane. This inner (ﬁressure PVDF hol | ow fi ber nmenbrane had i nner

di anet er [0054mm  waAdded ik PA44c,2keshVDF rpsinal008g metisthyldane1giygnd, andak08g f | ux

970L/ n2. hr at 0. 1Moa, 25C,. por [ Ju Qsity .. 75% 45] 1. ..
conpar i sonea2f adBisaay e DlRed 1 fe Ryl Thaf P bidvis Do uciogoo
grans of agdlithes Pasded this Iph@NA Slutha thrSlghsa fHaniPMNGzz1 ktto R\idagulafidlg bath

pol yet hyl ene glycol, | OOy Tween-20, used the sane rocess as exanple 1. A

hol | ow f WHBWaigingsr gasulaienpged. Ndds InnsepressuaprB VAT holowibenymembrangihedness

0.25 : : : ! oe.
o 7e 0 | MERSAAETEIh SOMPRicBRe 0 ont, Bk FFrndtn Hed el Sy POOT,
20 to 80asolvienérat 0.1Mgd, ¥3°00poresize (0. unt k@rdNity88vdy| pyrrol i done. Added 2kg

PVDF resin, 5009 polyvinyl pyrrolidone and | OOy Tween- 80 and stirred to
mi x evenl99SS1F | t er COMPHESORAVitR ¥Pdd add | OOy pol ypropyl ene short fi ber

a0, S11oolUnse e oL BOSLCBhANAL SRETPA:25KE BTRRE fnosed 4%
ext er nal pgyetbgleneglyubl-100wT wesi-20, heingrierismangrotad as exuiplelil arehalovofiberm
vel | thickoges, Odom broak Strengtd, o s2ips yeten SLux jargline fr =
0.42Mpa, water flux 470L/m2.hr at 0.1Mpa, 25°C, pore size 0.1um and porosity 85%.
[0057] Example 5

[0058] Added 7kg N-methylpyrrolidone. Added 2kg PVDF resin, 500g polyvinyl

pyrrolidone and 100g Tween-80 and stir to mix evenly. Filtered the solution and added
100g Polyethylene Terephthalate (PET) short fiber and stir. Degased the solution and
carried out spinning as example 1. This external pressure PVDF hollow fiber membrane
had inner diameter 0.5mm, wall thickness 0.15mm, break strength 0.45Mpa, water flux
700L/m2.hr at 0.1Mpa, 25°C, pore size 0.2um, porosity 80%.

[0059] Comparison with example 5

[0060] The formation in example 5 changed to 7kg N-methylpyrrolidone, 2kg
PVDF resin, 500g polyvinylpyrrolidone, 100g Tween-80. Degased the solution and carried
out spinning as example 1. The external pressure PVDF hollow fiber membrane had inner
diameter 0.5mm, wall thickness 0.15mm, break strength 0.32Mpa, water flux 770L/m2.h at
0.1Mpa, 25°C, pore size 0.2um, porosity 85%.

[0061] 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

pertains. Such alternate embodiments are considered to be encompassed within the spirit



[ 0049] Conparison with exanple 2 [0050] The formation in exanple 2 changed
t 0- 500g A1203 sized from20 to 80nm 7kg N nethyl pyrrolidone, 2kg PVDF
resin, 500g polyvinylpyrrolidone, 100g Tween-80. The external pressure
PVDF hol | ow fi ber nmenbrane had inner djanmeter 0.5mm wall thickness

0. 15nm break strength 0. 32Mpa, water Hux 1200L/n2.h at 0.1 Mpa, 25C

pore size 0.2um porosity 81 % [0051] Exanple 3 [0052] 800g of 2um cal ci um
car bonat ando swaipe aif ehe pessentsinventeoh. vAgourdinglyi, thé keppe ¥Abe pAatcedinte@icp BVAC,

1. 8kg PV rrol i done and our o urfactant FC 4 and
stir? b et DS abrto Rhhtrn e Saprired & hesoretame Ehviitopagased and

t hen carrled out spinning as exanple 1. Used 2% HC solution to renove

cal cium carbonate and obtain inner pressure PVDF hollow fiber nmenbrane
with inner dianmeter 12 0.8nmm. wall thickness 0.3nm break strength 0.93Ma,
water flux 1310L/nR. hr at 0.1Mpa, 25C, pore size 0.5um [0053] Exanple 4 .
[ 0054] Added 7kg DMAc, 2kg PVDF resin, 1000g pol yethyl ene glycol, and 100g
Tween-20 and m xed evenly. Added 150g Nyl on short fiber and stir. Degased
the solution and then passed this spinning solution through a spinning
nozzle into a coagul ation bath wth water as coagul ati on agent. This inner
pressure PVDF hol |l ow fi ber nmenbrane had inner dianeter 0.8mm wall

t hi ckness 0. 25mm break strength 0.62Mpa, water flux 450L/nR2. hr at 0.1Ma,
25C, pore size O0.lum porosity 80% [0055] Conparison with exanple 4 [0056]
The fornul ati on above changed to 7kg DMAc, 2kg PVDF, 1000g polyethyl ene

gl ycol, 100g Tween- 20, .using the sane process as exanple 1. A hollow fi ber
menbr ane abtai ned had i nner dianeter 0.8 mm wall thickness 0.25mm break
strength 0.42Moa, water flux 470L/n2. hr at 0.1Moa, 25C, pore size 0.lum
and porosity 85% [0057] Exanple 5



[ 0058] Added 7kg N-met hyl pyrrolidone. Added 2kg PVDF resin, 500g polyvinyl
pyrrolidone and 100g Tween-80 and stir to mx evenly. Filtered the solution
and added 100g Pol yet hyl ene Terephthal ate (PET) short fiber and stir.
Degased the solution and carried out ﬁﬁinning as exanple 1. This external
pressure PVDF hol | ow fi ber nenbrane i nner dianeter 0.5mm wall

t hi ckness 0.15nm break strength 0.45Moa, water flux 700L/nR.hr at 0.1Ma,
25C, pore size 0.2um porosity 80% [0059] Conparison with exanple 5 [0060]
The formation in exanple 5 changed 7 N- et hyl pyrrol i done, 2kg PVDF
resin, 500g polyvinylpyrrolidone, 188&* en- 80. Degased the sol ution and
carried out spinning as exanple 1. The external pressure PVDF hol |l ow fi ber
menbrane had inner dianeter 0.5mm wall thickness 0.15mm break strength
0. 32Mpa, What srclgimgd is770L/ n2. h at 0. 1Mpa, 25C, pore size 0.2um porosity
85% [0061] Wiile the present invention has been described with reference
to particular enbodinents, it wll be understood that the enbodi nents are

illustrative and thaétrehgﬂlenwmmvv fiBerSiROMBrans tAtis foinlel fidned.copbsitiomt i ve
enbodi nents of the present invention will becone apparent to those having

or di nar y Werfein thenstremathahellawy fikisr erembsanephasshatfolloying ¢heractesisties axdernaych
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and scope 0 eseft |nven ron. "Acc e scop e present
i nvent i Omum§bredlestﬁd‘ngﬂﬁdf(b6 2Mye, aipeage duc 4o0-480GENth2ilsatuiNIBA | 2Chy t he
foregoi ng description. 14 CLAIMS What is clained is: 1. A strengthened
hol | ow fi ber WhgtsiRfhe t ¢ppppesitign e dorming ﬁlecétmﬁhth(éh’w fifpes r mpmbians
strength ‘t}&’%&%{ fi ber nmenbrane has the follow ng characteristics: external
di aneter "0 -3mm wal |l thickness of 0.05-1mm porosity of 50-90% pore

size of 0.01- éhmbrmma@mh&thitlgp&f&mﬁ10amckvmt er flux
400- 4000L/ n2. h at 0.1 MPa C,_ wherein the conposition for formng the
strength hol | éﬁPlf’Pfﬁé]Patﬁ%%feé?’@Y 50-90 wt%;

a non-soluble fiber that is preferably 0.5-20 wt%; and

one or more components selected from the group consisting of an inorganic pore
forming agent that is preferably 0.5-40 wt%; an organic pore forming agent that is
preferably 2-30 wt%; and a surfactant that is preferably 0.01-5 wt%;

2. The strengthened hollow fiber membrane of claim 1, wherein the membrane-
forming polymer is selected from the group consisting of PVDF, PVDF copolymer, and a
mixture of both; wherein the PVDF copolymer has at least 60% or more vinylideneflouride

monomer units.

3. The strengthened hollow fiber membrane of claim 1, wherein the membrane-
forming polymer comprises a base polymer and an additive polymer; wherein the base
polymer is selected from the group consisting of PVDF, PVDF copolymer having at least
60% or more vinylideneflouride monomer units, and a mixture of both; and wherein the

additive polymer is a hydrophilic polymer.

4. The strengthened hollow fiber membrane of claim 3, wherein the hydrophilic
polymer is selected from the group consisting of polymethacrylate, polyvinylalcohol, a

copolymer of ethylene and vinylacetate, polyvinylpyrrolidone, polyethyleneoxide,



conprises: a nenbrane-formng polyner that is preferably 10-40 % a
solvent that is preferably 50-90 wt% a non-soluble fiber that is
preferably 0.5-20 wt% and one or nore conponents selected fromthe group
consisting of an inorganic pore for m{})g agent that is preferably 0.5-40

w % an organic pore formng agent th preferably 2-30 wt% and a
surfactant that is preferably 0.01-5 w% 2. The strengthened hol | ow fi ber
menbr anep@lﬁ’Vmb’@PmE, peljiesrslinadidepohenetslomigilef polyring gubirgresinj andsemsdeed from
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nmononmer units. 3. The strengthened holl ow fiber nenbrane of claiml,
wherei n the nmenbrane- form ng Eol ynmer conprises a base ﬁol ynmer and an
addi ti veSpol ykhe strmﬂwecdwhqlm betemerpbraperef clpin Sevkaeiadhe salvant ke Hrawgp

consi st P 0 e
vi nyl i deﬁg]f/lf)ourl\6 ﬁ(rln)s}r{g:rrtee(rEi ngg?e gﬂogl Q&S?%tmrgeg%?lr%éﬁ ?{ffg %Ri\r/(\i%eﬁ%l}/[ﬁ)t he
addi ti vedppdtyyTedetarside (DMIAORMNInethylpl i olidonedirielyplrispleng tdinoishibtidey fi ber
menbr ane of claim3, wherein the hydrophilic polynmer is selected fromthe
group cof¥i @W@lgﬁlep@dﬁf@t’?ﬁ‘ﬁéﬁ]@ﬂfﬁqfe pol yvi nyl al cohol, a copol yner of
et hyl ene and vi nyl acetate, pol yvinyl pyrrolidone, polyethyleneoxide, 15
pol yvi nyl acet ate, polyacrylic acid, polyacrylonitrile, polyvinyl gutyral
resin, a6d a Trr‘he(tsmngthdnhémeﬁbw fithee hesnibrhixe o hyldino phivhereirpthie ywobrent & more
pr ef er abl y l1to é Oo 5. The strengthened hol |l ow fi ber nmenbrane of claim
1, wher ePiEfEpRly S Tg\pe"ﬁ‘t is a strong polar conpound sel ected fromthe group
consi sting of dinethylformam de (DVF), dinethylacetam de (DVAQC),
N- et hyl pyrrol i done, triethyl phosphate, dinethyl sulfoxide,
cycl obut §I sul Thestrengtietned holiavafibert thembmihe obclaifing, WhﬂeimghhewiemtmotrﬂdeSf i ber
menbrane of claim5, wherein the solvent |sdm) IP{ rablg 50- 80 wt,%
a strong polar compound and a weak polar compound; wherein the strong polar compound
is selected from the group consisting of dimethylformamide (DMF), dimethylacetamide
(DMAC), N-methylpyrrolidone, triethylphosphate, dimethylsulfoxide, cyclobutylsulfone,
and a mixture thereof, wherein the weak polar compound is selected from the group
consisting of dioxane, butanone, and a mixture thereof;, wherein the weak polar compound

is preferably 1-5 wt%.

8. The strengthened hollow fiber membrane of claim 7, wherein the total solvent is

more preferably 50-80 wt%.

9. The strengthened hollow fiber membrane of claim 1, wherein the non-soluble fiber
is selected from the group consisting of glass fiber, carbon fiber, polyethylene,

polypropylene, polyimide, polyaramide, polyethylene terephthalate and a mixture thereof.

10.  The strengthened hollow fiber membrane of claim 1, wherein the inorganic pore
forming agent is selected from the group consisting of LiNO3, NaCl, CaCl2, CaCO3,
Ca(NO3)2, Si02, Al203, Clay, and a mixture thereof.



7. The strengthened hollow fiber menbrane of claim1, wherein the sol vent
conprises a strong polar conpound and a weak pol ar conpound; wherein the
strong pol ar conmpound is selected fromthe group consisting of

di et hyl f or mam de (DMF), dinethyl acetan, de (DVAC), N nethylpyrrolidone,
triethyl phosphate, dinethylsulfoxide, g%/cl obutyl sul fone, and a m xture
thereof; wherein the weak polar conpound is selected fromthe group
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non-sol uble fiber 1is selected fromthe group consisting of glass fiber,

carbon fi ber poI yet hyl ene, poI ypropyl ene, polyin de, polyaran de,

pol yet hyI I at m xtur.e there 0., The tren t hened

hol I ow f| hjg SIPedeb?ail?W% Rng ﬂé %HBr]éa lil%elﬁ‘ g or $%%Pﬂ’§f agent
is sel eC‘f(ﬁﬂmf&%Qanf {gea Wittt leneshmpourd. of Li NGB, Nad, CaCl2, CaCQg,

Ca(N03) 2, Si A1203, Cay, and a m xture thereof. 16 11. The st rengt hened

hol I ow fiber nenbrane of claim 10, wherein the |norgan|c pore form ng

agent 1s 190" €l & r{eng%ger}éd%}o}%“\é\%if{gr I%Qrglbvmer Fliim t h S' Ze ]tué Qf%tetr Egu%%ni ¢
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hol | ow f bhﬁpomrisrsareewdffr@hahéngﬂoupvwmmemﬁg bﬁﬁol@é@@ﬂin@ gwoe polyuxeihy@Enagent
is a water soluble conmpound, 13. The stren ened hol |l ow fi ber nenbrane of
cl ai m 12 polywawinyrrolidens,pelyvinydalephob methyerlinese; andaamidyre dharedm t he group
consi sting of polyethylene glycol, polyoxethylene, polyvinylpyrrolidone,
pol yvi nyl al cohol, nethyl cellul ose, and a m xture thereof. 14. The

strengt héded Matlseangthbesd iciidw dber mkemblaicrnofldainiid) ehéreimhthe wrg@tic pofeor e
formng agent is npre preferably 4-20 wt% 15. The strengthened hol | ow
fiber neﬁ‘?f@d%a%?mt?llﬁ‘i’rmpiefeWﬁB’r%?h“F%e surfactant is an organic surfactant

selected fromthe group consisting of cationic surfactants, anionic

15.  The strengthened hollow fiber membrane of claim 1, wherein the surfactant is an
organic surfactant selected from the group consisting of cationic surfactants, anionic

surfactants, amphoteric surfactants, and nonionic surfactants.

16.  The strengthened hollow fiber membrane of claim 1, wherein the surfactant is
selected from the group consisting of dodecyl sodium sulphate, dodecyl benzosulphonate,
hexadecyltrimethyl ammonium bromide, secoctanol polyoxyethylene, dodecyl amino

sulphonate, flouro surfactant, Tween-20 and Tween-80, more preferably 0.05-3 wt%

17. A composition for forming a strengthened hollow fiber membrane, comprising:

a membrane-forming polymer that is preferably 15-30 wt%;

a solvent that is preferably 50-80 wt%;

a non-soluble fiber that is preferably 0.5-10 wt%; and

one or more components selected from the group consisting of an inorganic pore
forming agent that is preferably 1.0-15 wt%; an organic pore forming agent that is
preferably 4-20 wt%; and a surfactant that is preferably 0.05-3%wt%;



surfactants, anphoteric surfactants, and nonionic surfactants. 16. The
strengt hened hol | ow fi ber nenbrane of claim 1, wherein the surfactant is
sel ected fromthe group consisting of dodecyl sodium sul phate, dodecyl
benzosul phonat e, hexadecyltrinethyl a ni um br om de, secoct anol

pol yoxyet hyl ene, dodecyl am no sul phohfate, flouro surfactant, Tween-20 and
Tween-80, nore preferably 0.05-3 wt% 17. A conposition for formng a

st rengt héhed Hb¢ compdsither ofelaimn dhewherompthe sienghraneafomeirdy miemfbbiSrﬁel%gteéol yner

that is preferably 15-.30 w2 S nt that is .preferabl 0-80 w9% a
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is preferably 1.0-15 wt% an organic pore form ng agent that is preferably

4-20 wt% and a surfactant that is preferably 0.05-3%u % 17 18. The

conpositi@n of,claim 17 er el menr anexf orm n al yner .is selected
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monomer units. 19. The conposition of claim 17, the menbrane-form ng
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m xture pélybet.h; and wherein the additive polymer is a hydrophilic

pol ymer. 20. The conposition of claim19, wherein the hydrophilic polyner
is selected fromthe group consisting of polynethacryl ate,

pol yvi nybal co : . i t
Dol i nyPyr  oft ceampGsR il SbCR R 130HopHI HOUBRE] R'sBiccted from fhe.
acid, pgtopaceonssring rafl mlympethysryiate, miyvinglalcohsl, i, capodlymemok ethytent hede of ;
wherein the hydrophjljc ol.ymer i referably 1 to 10 wt % 21. . The
conposi t VBHIAHAR EH%VW}PY%?L_F‘%% ppfyéﬁygwe o go]f&Vlgleeserﬁ@te’dEﬂl&%crﬂwﬁnd
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polymer is preferably 1 to 10 wt %.

21.  The composition of claim 17, wherein the solvent is a strong polar compound
selected from the group consisting of dimethylformamide (DMF), dimethylacetamide
(DMAC), N-methylpyrrolidone, triethylphosphate, dimethylsulfoxide, cyclobutylsulfone,

and a mixture thereof.
22.  The composition of claim 21, wherein the solvent is more preferably 50-80 wt%.

23.  The composition of claim 17, wherein the solvent comprises a strong polar
compound and a weak polar compound; wherein the strong polar compound is selected
from the group consisting of dimethylformamide (DMF), dimethylacetamide (DMAC), N-
methylpyrrolidone, triethylphosphate, dimethylsulfoxide, cyclobutylsulfone, and a mixture
thereof; wherein the weak polar compound is selected from the group consisting of
dioxane, butanone, and a mixture thereof; wherein the weak polar compound is preferably

1-5 wt%.



(DMAC), N-nethyl pyrrolidone, triethyl phosphate, dinethyl sulfoxide,

cycl obutyl sul fone, and a m xture thereof. 22. The conposition of claim 21,
wherein the solvent is nore preferably 50-80 wt % 23. The conposition of
claim17, wherein the solvent conprises a strong polar conpound and a weak
pol ar conpound; wherein the strong poIH? conpound is selected fromthe
group consisting of dinethylformam de (DVF), dinethylacetam de (DVAC), N
met hyl py24.0l i Tbaepmpositomypl platm@3atmdheran et toydl solvieokisdeeregyrefectbly Y0801 f one,
and a m xtyre thereof; wherein the weak polar conpound is selected from
the gr ouB’%d’onsi sting of dioxane, butanone, and a m xture thereof; wherein
the weak pol ar conpound is preferably 1-5 w% 18 24. The conposition of
claim 23, wherein the total solvent is nore preferably 50-80 wt% 25. The
conposi t 2dn ofhe kainpogition wh etaginl % vdhengin tho homselublebizyeriis seletted froth theom t he

i sting of gl fib fi | yet hyl L.ypr.qpy! ,
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26. The gelgmanidd, polyethytdnd itdtephthal B ah& b Mikhee ieRogani ¢ pore form ng agent

is selected fromthe group consisting of LiNO3, NaC, CaCl2, CaCGCs,
Ca(N03)2, Si2, Al1203, day, and a m xture thereof. 27. The conposition of

claim 26, wherein the.i.norgani c,par.e f.orym ng agent i s nore referably 1-15
wt % andz%er glﬁénc?rﬁgosslﬁmzneo o‘ﬁa%g)’i lbetr%lgrli ec“%ﬁ%a%mf %?ﬁ??m‘&“ﬁ%%% tfssseiecped

pr ef er abfrym gRsgroigrRoAdisling 8f LINO3CNARYSCACIRN Cat O3, WaNd3)2, v#ienciamdhe
organic pore formng agent is a water soluble conpound. 29. The

conposi t by, epd amixtpsesBeregfaer ei n the water sol ubl e conpound i s sel ected
from the group consisting of polyethylene glycol, polyoxethylene,

pol yvi nyl pyrrol i done, polyvinylal cohol, nethylcellulose, and a m xture

t her eof . 280. The comppsition bdlaixh 26, aihereld theviivi@inic pbe forgmgi agepisember m ng

agent is re
g prrgf)erably 1-15 wt%; and wherein the size of the inorganic pore forming agent is

preferably less than 10um.

28.  The composition of claim 17, wherein the organic pore forming agent is a water

soluble compound.

29.  The composition of claim 28, wherein the water soluble compound is selected from
the group comnsisting of polyethylene glycol, polyoxethylene, polyvinylpyrrolidone,

polyvinylalcohol, methylcellulose, and a mixture thereof.

30.  The composition of claim 29, wherein the organic pore forming agent is more

preferably 4-20 wt%.

31.  The composition of claim 17, wherein the surfactant is an organic surfactant
selected from the group consisting of cationic surfactants, anionic surfactants, amphoteric

surfactants, and nonionic surfactants.

32.  The composition of claim 17, wherein the surfactant is selected from the group

consisting of dodecyl sodium sulphate, dodecyl benzosulphonate, hexadecyltrimethyl



preferably 4-20 wt% 31. The conposition of claim17, wherein the
surfactant is an organic surfactant selected fromthe group consisting of
cationic surfactants, anionic surfactants, anphoteric surfactants, and
noni oni ¢ surfactants. 32. The conpositjon of claim 17, wherein the
surfactant is selected fromthe group 1% onsi st | ng of dodecyl sodium

sul phate, dodecyl benzosul phonate, hexadecyltrinmethyl 19 ammoni um brom de,
secoct anamnpaiyo xyetrgd, eseepctdoalepyglyorydthplesy| ¢dvisnpl emidd sulpbonateyr flawvant |
Tween- 20 and, Tween-8Q,. pr.efera 0..05-.3% %,,33, A nmethod for fabricating
a st rengf%%??&%qeﬁ%oﬂgggfrw%ﬁ%yﬁw&r%ﬁr@jfi%@’t he follow ng steps of:
m xi ng a nenbrane-form ng polyner, a solvent, and one or conponents
selected fromthe group consisting of an inorganic pore form ng agent, an
organi ¢ pdl ymArmptbod forf tabnicatinggstrengthentdshodlonf lberanembraaidi ¢ampyising the

rei nf OI‘CﬁO nt. fitber to forma conposition; making hollow filanent; and
extracti SFOB%‘?%S 5 i ng agents with bases, acids, water or organic sol vent;

thereby the hglitiawafh&BbraReTHmARE polyRskiCedolnas, ond Bfic 6f espientd. s3tedtedm
wal | thickness 0.05-1 nm porosity 50-90% pore size 0.01-1um breaking

st r engt hfromathe gupep congigting of| apxinermnicCpIe [PIPIng gent] b ATSARBCPOLYMEF BPEE t he
conpositi.on.comrij ses; the nmenbrane-form ng polynmer that is preferably
10-40 wt f}())rmn%@%g%%%%gur?%cé%%i s preferably 50-90 wt % the non-sol uble fiber
that is prefepddihya Gibfodmenliband f@nea osmpasittongonponent s sel ected fromthe
group consi stiﬁ_g% of the inorganic pore formng agent that is preferably
0.5-40 wt % t mgé@prfﬂ@méntf #dri ng agent that is preferably 2-30 wt %
and the surfa%g

33, wherein t et%rﬁ%pg}ﬁe@?%@%%é{tggﬁ% n%?egil %éc}ssg?voe%{ égoﬁ’g}g@nﬁ%g@d of claim

thereby the hollow fiber membrane produced has outer diameter 0.3-3 mm, wall
thickness 0.05-1 mm, porosity 50-90%, pore size 0.01-1um, breaking strength 0.4-2 Mpa,
water flux 400-4000 L/m2 at 0.1Mpa, 25°C;

wherein the composition comprises:

the membrane-forming polymer that is preferably 10-40 wt%;

the solvent that is preferably 50-90 wt%;

the non-soluble fiber that is preferably 0.5-20 wt%; and

one or more components selected from the group consisting of the inorganic pore
forming agent that is preferably 0.5-40 wt%; the organic pore forming agent that is

preferably 2-30 wt%,; and the surfactant that is preferably 0.01-5 wt%;

34.  The method of claim 33, wherein the membrane-forming polymer is selected from
the group consisting of PVDF, PVDF copolymer, and a mixture of both; wherein the

PVDF copolymer has at least 60% or more vinylideneflouride monomer units.

35.  The method of claim 33, the membrane-forming polymer comprises a base polymer
and an additive polymer; wherein the base polymer is selected from the group consisting of
PVDF, PVDF copolymer having at least 60% or more vinylideneflouride monomer units,

and a mixture of both; and wherein the additive polymer is a hydrophilic polymer.




the group consisting of PVDF, PVDF copol yner, and a m xture of both;
wherein the PVDF copolyner has at | east 60% or nore vinylideneflouride
nmononer units. 35. The nmethod of claim 33, the nmenbrane-formng pol yner
conprises a base polyner and an additjive polymer; wherein the base polyner
is selected fromthe group consisting PVDF, PVDF copol ynmer havi ng at

| east 60% or nore vinylideneflouride nmononer units, and a m xture of both;
and wher 86.n t fibe aadhed vE cladthyife wlieseia thy dhrydmphiliccpqiy)ﬂnyniﬂ sel@ed3 froniTthe

thod of cl 3 drophi | | ect ed th
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pol yvi nyl aCetate, "pdl yacrylic acid pol yacrylonitrile, Vi nyl utyral
resin, apdyacrylonitrites poheinydgutyrtlaesinnatca nhytﬂlreoﬁmdqf,cwhg@l lhyﬁlsop ilic
preferabl 1to 10 % 0/3 3? T met hod of claim 33, wherein the solvent is
a strong %lgfnﬂlscp&ﬁfﬁ |1Vd go fromthe group consisting of

di et hyl f or mam de (DWF), di et hyI acetam de (DVMAC), N nethyl pyrrolidone,
triethyl ghosphat e, dimethylsul foxide, cyclobutylsulfone, and a m xture
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conpoundniethydgirstidese, ftf1@tﬁ}/lph63}ﬁﬁtéy@1me¢l@ﬂ§ulﬁixidég cydlotlityieilionef admmixiare( DVF) ,
di et hyl acet am de ( DVAQ), met hyl pyrrol i done, triethyl phosphate,

di net hyl thergadxi de, cycl obutyl sul fone, and a m xture thereof; wherein the
weak pol ar conpound is selected fromthe group consisting of dioxane,

but anone, and a m xture thereof; wherein the weak polar conpound is
preferabB§. 1Thewicthodd¥.claline 7pehbeih the sclvantis Bdre proferahiy 50480 witbd.al sol vent
is nore preferably 50-80 wt% 41. The nethod of claim33, wherein the
non-sol uble fiber is selected fromthe group consisting of glass fiber,

carbon fkge Y I
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pol yet hy enetere ate and a mxture there
and a weak polar compound; wherein the strong polar compound is selected from the group

consisting of dimethylformamide (DMF), dimethylacetamide (DMAC), N-
methylpyrrolidone, triethylphosphate, dimethylsulfoxide, cyclobutylsulfone, and a mixture
thereof; wherein the weak polar compound is selected from the group consisting of
dioxane, butanone, and a mixture thereof; wherein the weak polar compound is preferably

1-5 wt%.
40.  The method of claim 39, wherein the total solvent is more preferably 50-80 wt%.

41.  The method of claim 33, wherein the non-soluble fiber is selected from the group
consisting of glass fiber, carbon fiber, polyethylene, polypropylene, polyimide,
polyaramide, polyethylene terephthalate and a mixture thereof.

42.  The method of claim 33, wherein the inorganic pore forming agent is selected from
the group consisting of LiINO3, NaCl, CaCl2, CaCO3, Ca(N03)2, Si02, Al1203, Clay, and

a mixture thereof.




42. The nethod of claim 33, wherein the inorganic pore formng agent is
selected from the group consisting of LiNO3, Nad, CaCl2, CaC33, Ca(NO03)2,
Si 2, Al1203, Cay, and a mxture thereof. 21 43. The nethod of claim 42,
wherein the inorganic pore formng aget is nore preferably 1-15 wt%

and. wherein the size of the inorganic% re formng agent is preferably

| ess than 10m_ 44. The nethod of claim 33, wherein the organic pore formng
agent is43 waflbe methodlod claiomdduncherdi8. th¥higorganivoporsf foginéngragent iwHeessi n t he

wat er sol ubl e, co und i s _selected . fromt r oup _consi sting. of .
pol yet o PEtaabSo IR Nl S VRGHER e B0k g i HAac” BiscHdrttng fagent is
pol yvi nybadfeahglless iinmouee! | ul ose, and a m xture thereof. 46. The net hod of

cl aim45, wherein the organic pore formng agent is nore preferably 4-20
wt% 47. The nethod of claim 33, wherein the surfactant is an organic

surfacta selecte from.t Lou onsi st.in cationi.c surfac S,
ani oni c g%r fa Sme?}"da?%r\%ﬁﬁ ’ the %r’ cHrats Pgrggténﬂlgﬁiagﬂ?tés %WF‘%@%@%{%. 48.
The net hegmpburl ai m 33, wherein the surfactant is selected fromthe group

consi sting of dodecyl sodium sul phate, dodecyl benzosul phonat e,
hexadecyl tri nmet hyl ammoni um brom de, secoctanol pol yoxyethyl ene, dodecyl
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group consisting of polyethylene glycol, polyoxethylene, polyvinylpyrrolidone,

polyvinylalcohol, methylcellulose, and a mixture thereof.

46.  The method of claim 45, wherein the organic pore forming agent is more preferably
4-20 wt%e.

47.  The method of claim 33, wherein the surfactant is an organic surfactant selected
from the group consisting of cationic surfactants, anionic surfactants, amphoteric

surfactants, and nonionic surfactants.

48.  The method of claim 33, wherein the surfactant is selected from the group
consisting of dodecyl sodium sulphate, dodecyl benzosulphonate, hexadecyltrimethyl
ammonium bromide, secoctanol polyoxyethylene, dodecyl amino sulphonate, flouro

surfactant, Tween-20 and Tween-80, preferably 0.05-3%wt%.



