111111121212112121211211211 *159 59* A Hol | ow Fi-ber- Menbr-ane and The
Preparation Thereof Field of the Invention Thi's invention is related to
manuf act uri ng and preparation technique for a hol i‘wmwuHﬂmt‘llmtbrane
particularl'y to a hollow fiber nenbrane with perf erformance
and its manufacturing nmethod, of which, the proposed Fntiexnational Patent
‘Classification No. is Int. C..B01D 69/00(2006.01)1. Background of the
I nvention Pol yur etA&fdlove Fiberyendiraneanid ThePryparation Therdoy al t ernating
connection of soft / rigid segnent, of which, the soft segnent of perfect
resilience can produce excessive elongated deformation in case of tension

at high-el asti g stat.us at roomtenperature; whereas the rigid segnent is
t he node pﬁﬁ&]@ébg}%'rmé?'bngat ed deformation and resilience of the soft

segment . eI o Ny | el alor: | ion and such racteristics
as high elo;!;:}sn{DJ ?Icl:‘lte??/é& %t‘?@%‘gﬁ ﬁ,rﬁ%@g regicag? %%ptg}%ﬁlg t%cﬁ‘gqu}l%gr?g@f@f ih%re,

pol yur et hamembame pastiuEp|tb 6 2bileOW fbBr AkDRRR Wik pesfRaemRk! d cable
manuf acturing i nd’\lljps'g ri es? In 1970, Bowen proposﬁo%ﬁépﬁgdgg §euzrﬁieat hane
as sel ect i ¥emanidatingmétbod, oEwhiah rths ploposed dstermational PAdie ClesificapaNgcat i on of
pol yur et hape rane nmaterial has drawn increasing attentions fromthe
peopl e. W%QL%O%W&@@mHture of polyurethane is so dense and difficult
for pore formation, polyurethane is mainly used for gas separation,
infiltration vaporization and separation of inorganic netal ion, which is

sel dom use Laui d separation nenbrane. Presently,
l%é(t)lﬁrgdé %h& Invehfibh

wet - spi nni ng IS a comon. technology in manufacturing and

pr epar at | OPolgirethaid 8w tfidfTbldck GopslymEPRiAd O alfEhiHhE BSmet i} sbft / igid
characterized by | ow spinning tenperature, €asy operation and pore

f or mat i on. segiment, afwhich, theisbfhsegmend dfgerfoe sediieves clingrbdire dxdedsiRotivtagidhane /
| norgani c Pz%rt i cle Mxed Conposite Menbrane and Its Manufacturing Method
(Pat ent Nodetormagon 4 gase f tensioe et highwlasticityr satusca rpomytemperhiare wheream thgani ¢

particle rqlé(lg %egrgér{t B thfeln%%é p%o%ge%sfo} %1or£§a”t§é %ltgnnaﬁon and resilience of the soft
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segment. Owing to its unique chemical constitution and such characteristics as high
elasticity, strength, heat r&eistance. and chemical resistance, polyurethane has wide
application in automobile, shoemaking, wire and cable manufacturing industries. In 1970,
Bowen proposed to use the polyurethane as selective adsorbent for certain substances.
From then on, application of polyurethane to membrane material has drawn increasing
attentions from the people. However, as the structure of polyurethane is so dense and
difficult for pore formation, polyurethane is mainly used for gas separation, infiltration
vaporization and separation of inorganic metal ion, which is seldom used for study of liquid
separation membrane. Presently, wet-spinning method is a common technology in
manufacturing and preparation of hollow fiber liquid separation membrane, which is
characterized by low spinning temperature, easy operation and pore formation. Li
Xianfeng and his colleagues have disclosed “A Polyurethane / Inorganic Particle Mixed
Composite Membrane and Its Manufacturing Method (Patent No.: Z1.02131196X) which
- aims to produce polyurethane / inorganic particle mixed hollow fiber composite membrane
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| 11121121 11212 Il 2112112121111 *@300002* characterized by interfacial
m crovojd with wet spinning nethod. According to further study, the hollow
fi ber conposite nmenbrane as produced is provided with elastic perfornmance,
whi ch mani fested by corresponding variation to the aperture of the
m crovoi d of the fiber nmenbrane acconpani ed by the variation to working
pressure (refer to X F.Li, C F.Xiao, Structure and properties of Conposite
Pol yur et haderddairzadvbiiitterfacid mhiceoves), withivie Seidnine | eth&t | AccdRimORP A& 210) .
However, such techngl ogy has such di sadvantages as hi gh consunption of
sol vent anﬂu@hﬁh@dWH@Wtébﬂp@KNM$ﬂ©nnﬂﬂhmnme$nmv@xxdéshanﬁdai\wﬂnphmky of

%l so- unBPERIE, SHigh TaBG SOaFRRAinE SRR bR o
lvent, wh ] hort. t echnol ogi cal fl t hel ess,

struct ur o OB SR ERAEACAEbRE RNy BTl ad i HRrbHl GRishe f¥fepli KR T0 S °°°

unf avor abl € HXko, BaugtufeO@girbitta it Copipiosid P&W& Hbfo 'P*Fx;bef)ﬁ«{érﬁ&*bﬂ rooit

has nore stringent- requirenents for thernal Ity o ol yner anad pore
form ng ag€hinessdPolymt Sri P3HO0S)208:210)y t Howevert UkachandedhnglogENeR@Y such
consunption. Therefore, reduction in nmelt-spinning tenperature for the

pur pose of disalvarigees a5 e, coasuraptianyef sobysetrand exiirorandntal ipellytinne fipthernare.on and
. structure and i rovenen% of ..product performance serve as the key techni que
on di spl aymﬁ%%%?%eé‘%& e fiker Fl-egﬁﬁﬁlﬁipﬁ&o@%f‘%@dmﬁ%mvw dyFing-prgsITeo W
fiber. S ' i fici ' tQ .pri , th
Fol | owi ng TabregisAntusiEiog Cbilellitl Biot b e dR S Rustif At dit the
first techwhiehl aroropidaeibiized B sh@t tbedolBYichlNBow "N MRS est
b B¥ichlngow! N@%rﬂlgféﬁé SuhQuilest 8Berd

hol | ow fi ber that has strong pressure sénsitivity to thé separation system
and per f ectembtane s progineedyis refhtively Gansgrobvicld @cmfiniorabid R GRAS forfnsidRVRidd
structure in accommodation With industrialized production as well as

practi cal $YRbeS apAtER D Rafsicila itihas more stringent requirements for thermal stability of

polymer and pore forming agent owing to high spinning temperature and high energy

consumption. Therefore, reduction in melt-spinning temperature for the purpose of energy
saving, effective control of membrane pore precision and structure and improvement of
product performance serve as the key technique on display of advantages of melt-spinning

mn accommodation with hollow ﬁber.'

Summary of the Invention

In view of deficiencies to prior art, the following two technical problems are to be

settled by the invention:

The first technical problem to be settled by the invention is to design a hollow
fiber that has strong pressure sensitivity to the separation system and perfect
pattern memory, which is provided with abundant microvoid structure in
accommodatiop with industrialized production as well as practical promotion and

application.



The' second technical problemto be settled by the invention is to design a
hol | ow fi ber manufacturing nethod: Such nethod ains to manufacture holl ow
fiber with melt-spinning nmethods to overconme such di sadvantages as high
energy consunption and difficulty with control of nmenbrane pore, which is
characterized by relatively | ow spinning tenperature, easy control of
menbrane pore structure, short technological flow, sinplified nmenbrane
manuf act uri ng technol ogy, excellent product quality,mLoY/cost and
avai l-abi | i to industrialized mass production, Meanwhile, it can mnimze
the sol venjfger RO ﬁ%im&al BEeblsp terhensetited by dhe Bvenion ts tordasigmrarhallow

. pA T E o 81 ne industrialeati
ot o S A L L PR B SBr oot o
char acter | on PAMNE, HEUTR 40 ByBRpHR piche RIBANE. IO 8 em o
such hol | %ﬁshﬂﬁ?tioﬁ?fﬁbdaﬂﬁfﬂ@l@t avel @bnfrol | eMsieh@ramd epdranedide; is

Conposite pore torm ng agent35-'60; Organic | ow nol ecul ar wei ght 1iquidl5
-20, sum odhasdterizedshy reletvelyiloewlgifning temperature, easy control of membrane
pore structure, short technological flow, simplified membrane manufacturing
technology, excellent product quality, low cost and availability to industrialized
mass production. Meanwhile, it can minimize the solvent recovery for

wet-spinning method to ensure environmental protection and energy saving,

which has promising industrialization prospect.

Technical solution to settlement of the first technical problem in this invention is
to design a hollow fiber membrane, which is characterized in that mass percent

formula for membrane forming system of such hollow fiber membrane is stated

as follows:
Polyurethane ' 25~45;
Composite pbre forming agent 35~60;
Organic low molecular weight liquid 15~20,

sum of all constituents is 100%

Wherein, aforesaid polyurethane is of fiber grade with mass ratio between soft
and rigid segments between 1/1 and 1/5; aforesaid composite pore forming agent
serves as the mixture of pore forming agent for interfacial microvoid and
non-interfacial microvoid respectively, in which, pore forming agent for
interfacial microvoid accounts for 10-30% of total mass of composite pore

forming agent; Pore forming agent for interfacial microvoid refers to non-water



Whet ei n,” aforesaid pol yurethane is of fiber grade with mass rati o between
soft and rigid segnents between 1/1 and 1/5; aforesaid conposite pore
form ng agent serves as the m xture of pore form ng agent for interfacial

m crovoi d and non-interfacial mcrovoid respectively, in which, pore
formng agent for interfacial mcrovoid accounts for 10-30% of total mass
of conposite pore form ng agent; Pore form ng agent for interfacial

m crovoi d sadlede gnorgantnparticker incevipatible withrpdyiirethaaet which isnmmmosdd ¢l € Wi t h
pol yur et hane, whi.ch is corrp(?sed of m xture of one or two random proportions

bet ween Si BXURAT eaPBIWA PRIGR AFPPartens betrveehSiQyand 62C0s wyithysean digpetemg

omosed ofb @ Suftc e (i b Bof ekl BiEhollielsy € AmMHBRE ot or
f i . .on: af i d wat

Col bl & 1 np o oo AL TE o TERER WAl RS B el KT

with mean sforsad eatetfolblsle Sutifhnces Dfitanadr pRSHdIHbNEbREIG Matth sGutld idorgahR
i ncl udes pol yvinyl pyrrolidone or polyethylene glycol; aforesaid organic

| ow nol ecupaticlevis gpmpasedjof dny ef &4Gl, CaChi daCband K with nieanalizmmeteraiputal e
sol vent of Bfgl ygr et hane, .incl udi n%d:gne or, nore n xture_ of )
di met hyl f of HhAT QB0 qRiQESHY | aer osqlukle aprtticle nschidesa obamnyd e Pyrolidanel oon

proportion i .C .0 i to.settl enent of. secgnhd .t echni cal
RS R R G R NI AR Y R i —
whi ch [ CRAAGHRET SAhIOYsdNaf ot bAYIBBaAE! heBRinBNbAY &' SRS Smidkhd S V-
prepare pol yner nmenbrane form ng System aécording t0 requirenents for nass
per cent f odimsthylfofmadide eliaettyldfox@e ahd Bisietitmonaid: deidot pepsria it into
the hybrid cauldron for heated forcible prem xing at the. 'heating

tenperature of 130 -140C, inject the mxture uniformy mxed into the twn
d fusion prior to menbrane manufacturing

screw extruder. for dissolution a g ] )

with nelt- ﬁﬁ@r?@@@? HB&%@WF&%@# brSPRG fFelpica] mrellemsis dhas | yveation kreto

t enper at ur : r.. afagresaid,hol |l ow fiber nbygane. can be
obt ai ned tﬁers%g%ﬁgg((g‘?g@ 1 %ﬁﬁ%&?ﬂeﬁpﬁt WWQn’Ficbﬂ@FteVEﬁ- @bnﬁ%foﬂawﬁ’ét hod.
As conpar e kb ARG | r iy i i t.S, d i . 3l to
ot cgr at e el pRiced e BRRRR dob kRt Kl SRS B cce
wi th nel t - epuirenieng formassgleraent fommita of afbreni@ holloWiber tbaibrrobeRire phgRa ¢ | ow
nol ecul ar weight liquid with pol yurethane and conposite pore formng agent,

whi ch can iéfiitedhe hebrid cadibror forhleatedi forvible ptesmipiag att diechedfing té of

mel t - spi nnnglg m{,&er_a,t ure of pol yurethane nmenbrane is normally around
160C; wher E¥5~Hed bs dpresintheg eymfornly stixechinto jthe dwin serewsexsnidgr farqui r ed

to be withj.n 0-15 which is easy for control. Lt is applicabl o]

produce hoﬁhfsé)&)ﬁf)flt?élacﬁf@%r%‘?é %Fn%?s%@%@aﬁ?%g%?%“ﬂ s 8 rﬁ?}ﬁ@fispl e

m crovoid Lne i i faci I GhaN QI -interfacial

T or ovar d) THLEE bUIGy ShiNP SRR el 18 OS5 S RSt A

ext ensi on halloho fiber niepibie’ €. bel bink8 NIFGAE dxFadtdARNaRE | ZehnRvntRrge! | ent

el astic recovery, high water flux, varied pressure of separation system

hi gh sensi wetwiptoyungirdethed.f ect separation menory, which is applicable to

i ndustrialized production and practical application. Mreover, such holl ow

fi ber menbrane is manufactured with nmelt-spinning nethod at a relatively

| ow fusion,tenmperature, It only re irestg ropriate yet small quantity of
o i

Yy
sol vent, wht cRmParedwith frior 2t gn R rpe IRYSHROD @yBs te daegrale of
menbr ane s ' 42510 ' chni que asy .
oper ati on, é%v%&é%%g(ﬁ %?I%em g%@%&ﬁ?ﬁan.'g%ﬁ%@%{%tﬁrﬁeﬁu@% Eﬂ?ﬁﬁ’ Mgt can
m ni m ze tfheousk wmEHim HESR Y X pYal gﬁhiﬂ,g i 6.5 abl e
for envi ronneu%?al pr ot ect??g%ngﬂeq%mz?g%aﬂ%nlﬁﬁgﬁgﬁen aﬂg}]ﬂoﬁq%(?W&
i ndust ri al pawntréthane and composite pore forming agent, which can effectively reduce the spinning

temperature. For instance, melt-spinning temperature of polyurethane membrane is
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Brief Description of the Drawings FIG 1 is a di agram of engi neering
stress-strain curve for an enbodi nent (enbodi nent 4) of hollow fiber
menbrane of the invention. FIG 2 is a diagram of pressure response curve
for an enbodi mrent (enbodi ment 6) of hollow fiber menbrane of the invention.
Description of the Preferred Enbodi nent Further description of the
I nvention in conbination with enbodinents is stated as follows: Mass
per cent f onomially favounde héfy'@n eviereasrinndt-spysiirgmtendpetanirt @il thisbiavermientis anby

,( Qe;te ;tn 2Lt %wrmed‘ ﬁo.lggggnﬂgu? I%SJIQSlSlC whrlgl??sr éaag)? f(;)rrcoggglb {talsn gz)ph%];blte rgoep;or(]cheem on
hollowv fiber membrane of precise pressure response and multiple microvoid structure
(including interfacial microvoid and non-interfacial microvoid) through extraction-in-water
by selection of appropriate extension ratio for spinneret. This membrane is characterized by -
excellent elastic recovery, high water flux, varied pressure of separation system, high
sensitivity and perfect separation memory, which is applicable to industrialized production
and practical application. Moreover, such hollow fiber membrane is manufactured with
melt-spinning method at a relatively low fusion temperature. It only requires appropriate
yet small quantity of solvent, which is characterized by short spinning flow, easy control of
membrane structure, simple membrane manufacturing technique, easy operation, omission
of special equipments and high product quality. It can minimize the solvent recovery of
wet-spinning method, which is favorable for environmental protebtibn, energy saving and

implementation of industrialization.

Brief Description of the Drawings
FIG 1 is a diagram of engineering stress-stram curve for an embodiment (embodnnent 4)
“of hollow fiber membrane of the invention.

FIG 2 is a diagram of pressure response curve for an embodiment (embodiment 6) of

hollow fiber membrane of the invention.

Description of the Preferred Embodiment
Further description of the invention in combination with embodiments is stated as
follows:

Mass percent formula for membrane forming system of hollow fiber membrane
(hereinafter referred to as hollow membrane or membrane) of the invention is

stated as follows:



Pol yur et hane25' ' 45; Conposite pore form ng agent35-60; Organic |ow
mol ecul ar wei ght liquid 15-20, sumof all constituents is 100%
Pol yur et hane according to formul-a of the invention is of basenent nenbrane
material or matrix, of which chem cal constitution consists of soft segment
and rigid segnent; soft segnent is dibastic al cohol of |ow nolecular weight
or aromatic diisocyanate coupled with diam ne; soft segnent is of polyether
diols or polyester dlobywethehes rati o between rigi d2anei%oft segments of
af oresai d pol yurethane is . available for selection within the range of 1/1 -
1/5. Ideal mass rat COTPRASKHEAPTS fQrungageriof t segnedds @ pol yuret hane is
1/2. O her physiochem cal ,indicators of | yu hapne as selected shoul d be
up to fiber grade. Wﬁﬁ‘?ﬁ“é?&‘&ﬂ@&“{a&W&&Fﬁﬁ@’fﬁ%’&f@,ﬁam%le CRysHtueats
~designed i fdpe,formul a of the invention, the specified deconposition
tenperature shoul d be higher than the spinning tenperature, which shall not
i ncur any pblyéietiahe aicorfigoTBimda 0REe iteniidteis b0 bhRWeEHbBRR: At & ned.
Specifical ly speaking, aforesaid conposite pore formng agent is the
m xt ur e of mahixeof adbichl chemicah oonstitution ensistd ofpsnfteseporent agl rgjd semmernf sofhi ch,

interfaci al . £ or i | nts for 10-30%of the total mass of

composi t e BT ISFRF SRRk o It b aE e GEGTaHAs o e Bled by oo
f to pop- | ' ' icle. tihle with.

ool yur et hangrie ot sopeth SEAdgHP s o Ger e R o Yeltbinti widor 1 ons

between Si (HPRIMEACHRateAd efaACRlGAilBR fBPse%cﬁt%rf %ﬁ%gg{%ﬁ%& ip Rg agent

for non-interfacial mcrivoidirefers to water s , e conposed of
wat er sol ubiSe Ideabngsniratiopbetiveal eigidnaridesofs abaiiings B pylefethan@tien/0roméor esai d
wat er sol ubl e substances of random proportion; aforesSaid water soluble

i nor gani ¢ playstockéraical sndieatqrs sfpblyirethane as elédtedishold 62 Bp td\EKSr gadel KCL wi t h
nmean di anmeter up to 0.01-5m aforesai.d water sol uble polyner consists of
pol yvi nyl prrolidone (PVP) or polyethylene glycol (PEG. To ensure snooth
SPiNNi NG oA SfErentd tolcBirPBRle 6A b b a8 aSiiche AL fofkulS b 1 & Endato” ™! 1Y

not over

)

the specified decomposition temperature should be higher than the spinning temperature,
which shall not incur any physical or chemical damage to the hollow membrane as
obtained. Specifically speaking, aforesaid composite pore forming agent is the mixture of
interfacial and non-interfacial pore forming agents, of which, interfacial pore forming agent
accounts for 10-30% of the total mass of composite pore forming agent; pore forming
agent for interfacial microvoid refers to non-water soluble inorganic particle incompatible
with polyurethane, which is composed of mixture of one or two random proportions
between SiOand CaCO; with mean diameter up to 0.01~5pum; pore forming agent for
non-interfacial micrivoid refers to water soluble substance composed of water soluble
morganic particle, water soluble polymer, water or aforesaid water soluble substances of
random proportion; aforesaid water soluble inorganic particle is composed of any of LiCl,
CaCl;, NaCl and KCI with mean diameter up to 0.01 ~5um; aforesaid water soluble
polymer consists of polyvinyl pyrrolidene (PVP) or polyethylene glycol (PEG). To ensure
smooth spinning process, it is applicable to add small quantity of water (normally not over
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10% total mass of conposite pore formng agent) to facilitate formation of
menbrane perneability mcrovoid structure. As shown by the test, it is
necessary to use non-interfacial pore form ng agent (water soluble
constituent) as critical constituent of pore form ng agent to ensure
perneability of hollow fiber nenbrane as obtained. Meanwhile, to ensure
better mechanical property of fiber menbrane follow ng removal of
non- i nt er f K% &otalpoass dfovomipogitepemtformuipg iagerit) for fapititate fommafiori of mefnbranal  por e
form ng agent iﬂ.&he tot.gl mass of conposite pare form ng agent shall be
wi t hi n° 10-EE595abRitY BEGIPYRI S151GHER dAsshows B the test, 11 Recessaryiie nesiongaterfacial| ux of

?8'5 Lf’wga”‘;”s‘ﬁ“o{s Pt BP TBBF s b TR B ERERE B ety s
gent - shal P hare e N Gy S5Q 0 ol BRIV SRRl g Refer’ o7 10

manuf act urmedatitaprapegy of ibéremembreneeblliieing $émovatleBlonGRidifBdAl pofe @ﬁﬁiﬂ%f or m ng

agent nmust be within 35-60% It is applicable to endow nmenbrane wt

i nt er faci adgen eptonaliproporrasueflintedaial pbredbsing apet imthe rtetal massfof spmposite et :
after menbrang formation; t i.s.als pplicable to endow the nenbrane with
non-interf%?%%@bﬁ@ﬁ%%ﬁ?wﬁ%@%? $Bed of Bienysgtioyent by
means of I Q- A d.ther bt ai n | | ow fi.bgr nenbrgne of
per f ect pg‘?ﬁrrtérg%‘lt’% ﬁhyﬁl%@%@@ﬁé‘% %W“g% P AP B NSt aci al
m crovoi d gial wikdlbee Qtreﬁcﬁ‘é Gorhfh 1 irgééﬂt?l—%ﬁ ' st Raiaue
desi gn of appropriat gmpgwerml ecu ar%@éﬁ{,ﬂ{ei}]‘g& It é’guég%glv‘ﬁosfﬁé%iﬁ(%lj
critical tachdmplygiTésrefdre! bentérn vefnifoesaid Aloaipesied goer fdMing heut RAIE G| ar

wei ght |iquid shoul d be/good sol vent for polyurethane and has hi gh boiling
poi nt and atrelledswithini60P% pf thertotahmassofomembrahe maasfabiniing (rpmky sysehane and
conposite pore formgagéggent to ensure adequate m xed extrusion of all

const i t uentevegheless;id tentyof PP I9rmipg pgent sRust be WRin38O0% 1t sagpliseblat  of
| h "SR i]d nb n f i \ h i
Phe teot | resBs MENDRAR AL iniclF Rabed BReR Shatord Reibgsre0 oo "

conpar ed vsgp; i i i . . I

t enperat ure rgﬁggﬁégg%e@e u%g&&ﬁg&{éﬁg%gy c éléar?rb%?lgon Oﬁf@ga@%‘f}@?‘ﬁ%ﬁm ch
has obvi ousn-inwerfadyl mavivoll eidughtrembldlast SoRbRSp@S foelife hesht y méakesai d
l'iquid of | ow nol ecular weight include boiling point and deconposition

t enper at ur eximetghan-waterandstherelyaobtais holow fiperamembran® of perforaperfreatilityi 2 g

t enper at ur e, Ega‘i(‘:’&éégtﬁ” ot .incur physical or chem cal danages to hol | ow
menbr ane a¥°Y both imierfacial andnopripteiferial sniemveid sawatorps. i nci pl e, 1iquid of
| ow nol ecul ar wei ght of the invention consists of one or nore of m xture
anong di net hyl f or mam de (DVF), di net hyl sul f oxi de (DMAc) and

di met hyl acgkR&hid Sof ; Melg t ped -y i sSe in
content of or ganig %ﬁrﬁ?‘% o@ﬂﬁgp\g@uﬁ Cﬁ%ﬁ{&a&%ﬁﬁﬁ%é&péﬁ@%@a{me can
be reducedweigtidiqdidnlliy oneTof the tritichPisshndiptes 'o8 thel igveiBbh. XorbaillofhANALY af ter
extraction glggdi ncr_;haziemidnmvuwla;l&r,\gfl ux of menbrane. However, extrenely high
content ofm ariveeigit gqingd s aodlselventdor pobugdthansayd hastigh bailing pedhact i on
~in stretching ;ttﬁjheq t,h@and:gurabi lit ?afgﬁt'he ms]r}r,lb]rrﬁ(:lhr;gi asdobt ai ned.

. Ther ef or e, A8p VAR FOIHRIHY IO JAC YO’y Ob Plaskeang o e ¢ind | compositeeporear
ranuf act ur PRIy EERre RSER GHEHARERIGE BHUBoR fh Al SRETH R g

manuf act uri*ng s t G gthe & for
af oresai d Jeii act Hoj t f _the invention. .far,.exceeds that
for menbr aﬁgﬂﬁégmct ur | % weluﬁgv@ﬁ sogﬁﬁmﬁ%tﬂéﬁgyﬁ%{%a’? H’&H&’H“ﬁ nmass
of added on@TadturlngGyliemOAs MMl (RE 1@ EoARNE latively 100 PGt faBEL il N

spi nni ng shaping and formation of mcrovoid structure o I ber nernbrane. On
the contral30:155t Ccds cumparedzeith heltihg goirtiof pulinethané O68SS a8 proposed), this

sol vent-notgsol v&g of cownth{;nal wet - spi nni ngl&rr%iggg%tan prevent the

f or mat i on EMPerAREY TERgE g8 reduse theenerge catistumpiadn/ o whickihag dimiousr e,
strength of nenbrane as obtained is obviously higher than simlar nenbrane
as manufactured with conventional wet-spinning nethod. Mreover, according
to corresponding study, aforesaid organic liquid of |ow nolecular weight
can play an active role in inprovenent of perneability of m crovoid
structure of hollow fiber nenbrane after extraction despite of the fact
that its chief role in plasticization of polynmer and inprovenent of
spinnability of menbrane form ng system As shown in the test with

manuf acturi ng met hod of the invention, ideal range of aforesaid spinning
tenperature can be reduced to 130'-155C once organic liquid of |ow

nol ecul ar weight in the formula of the invention is selected. Selection of
tenperature for enbodi ment of special process is related to nass percent
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Meanwhi l e, the invention is also designed with manufacturing nmethod for
aforesaid hollow fiber nmenbrane (manufacturing nethod for short). Such
nmet hod ains to prepare polynmer nenbrane form ng system according to nass
percent formula for the hollow fiber menbrane of the invention, which takes
the follow ng nmelt-spinning process to prepare aforesaid hollow fiber
menbrane: Firstly, add aforesaid pol yner nenbrane form ng systeminto the
hybri d cau¢ngrgyrsaviog effeeit Other bases ol selepted thiyxaiforgsait liquidk of lempmptulareweight130 -

140C, inject, the m xture upi.formy mxed into,the twin_screw extruder for
di ssol :JtJI olﬁclaa%%?@gg BH‘HEP%SF‘GCPHIPF%W ierperie fugher tham gfoggserd spningsgidnni ng

Cemper ot oRpepson gy WiEege, QaE Bl SREETRNA of Yemisth o nea

t hr ough wadfhacexty WOmem i i g ; -
£8X id lstlobOmembralle SOEBIARI R, A&brcg% @%ﬁgfz&g@& ggﬁdat .

Manuf acturing nethod of the invention ains to u
amount of off panimldcilanivebight of tie myemtion eunsissi afhinevert torRobfy ixetreadheongnd

conposite pore formng agent for nelt-spinning at a relatively |ow '
t enper at ur @methylfpgnq;mg@ B, Cbmthﬁlﬁﬁf@w% (AVAE pandudinetlyy laettaroide (DM wi t h

Vel s pi nAY PEIRSERE AreronitE e HUogier ot Qs LBk Ry P EHA
ti . nd: im 0l: - i i
s char act SF EIE P Ring jenel e TAP ISt o RRGSARLY TS 1 Bkt 8o Bhud BT 15

of menbr anef miefevoideifier @ytrastion dhg inor@e BEWateNhkSif dibnitshee A e st NaitbAkly
protection. Extraction-in-water technique of the invention is identical to

pri or wet - kigh periteny oferghwe iquid hBlownhgleclildrfveright oy irssult iradedection acstiewhingn- wat er
of conventiona t- spinni process mainly ains to facilitate the dual
di-sper si ons@f’gdé‘@\agéiﬁ{agm eﬂtg%wfbmrﬁ@swwwée%efﬂ@mm ragE ifer dddmgt i on.
Extracti on:¢ n- . D QC he. knvention i s provi oM onvent i onal
dual i spes AR R EBA5G R0 Ry WRiab Bk b Gulof B (2Rt Ret PR

separ at i OngmeMBianb mhAMRhEN eAl brix 2 GhAR Mg us
structure ofe fiber rrenbran%%y%%?t %@rﬁh@%%ﬂﬁéﬁgo ava]?llrr%lél e lgér)lféa}dequate
removal of afembad mealbrineangmofaetufiog sjskon a0e inventonTer exo@sdb tanfr FRMbrakt Uri ng
wi t h spinning nmethod. However, nmenbrane manufacturing with conventi onal

mel t - spi nninARiRewits Wet-sninning mgthed aseempeared with prass efsadded organic liquid
of low molecular weight, it will not affect the spinning shaping and formation of microvoid

structure of fiber membrane. On the contrary, it can minimize the dual diffusion process of
solvent-nonsolvent of conventional wet-spinning method, and prevent the formation of
membrane pore structure with obvious defects. Furthermore, strength of membrane as
obtained is obviously higher than similar membrane as manufactured with conventional
wet-spinning method. Moreover, according to corresponding study, aforesaid organic
- liquid of low molecular weight can play an active role in improvement of permeability of
microvoid structure of hollow fiber membrane after extraction despite of the fact that its
chief rol¢ in plasticization of polymer and improvement of spinnability of membrane
forming system. As shqwn i the test with manufacturing method of the invention, ideal
range of aforesaid spinning temperature can be reduced to 130 ~155°C once organic liquid

of low molecular weight in the formula of the invention is selected. Selection of
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Anot her characteristic of preparation nethod of the invention is that
stretching process is prior to the extraction-in-water process during
menbrane manufacturing with nmelt-spinning nethod. Stretching ratio of
aforesaid stretching process is 3-5 tinmes; whereas stretching processing
tenperature is 40-60 C. Such process can prevent danmages to the evenness of
m crovoid structure of fiber nenbrane as incurred by post stretching during
manuf act ur feAperture i pahodiment ofispecisl process msrelated dmmiass et densqintent ofprganichod.
| ssues not .. are applicable to prior art, Several

d I.bed i he i. '
preferred lé‘ﬂi’g‘ig’irf Ir]r%‘ﬁtfg‘glg‘f‘ﬁ?ﬁ‘@ell V?/Sﬁ“ﬁ%ﬁ“ﬁ?& methadeef the invnfighsan wlateelyshal |
t ti | ai f. the i tion. Enbodi t .1 Ma
per cont - cortih h Fbihk it L Bv@ind By Ykt By PRRD Aoy
pol yur et haRgkmbe hedtél ForeBR BRmiing Att méﬁgﬁﬁgtfo%ﬁii@ psﬁ?t%f;nogpfthelfl rldS 25%

conposite pore formng agent is the mxture of O. 02powder and PVP,
account i ngcduldrobpiorad mjedtiah imasis win tdrew estysdee folloWiep Hiesolion el amdtngt 0
interfacial pore form ent, accounting for 30% of total mass of

ng a .

conposi te %@W@ﬁﬁh@@&@’ tpolymes systana rexpasddhayangafonsaledion of fare foaningor e
formng agent, _acgounti.n or. 70% of .total mass of conposite pore form ng
agent DIVISO%@"&%@%“&%EQ[IH p(goé)qcagq.d of | ow nol ecul ar wei ght, of which,
mass' percent content is 15% M xture of the aforesaid three substances
shall serve as the nmenbrane formng systemfor heated forcible premxing in

the hybri dAGaedaill @it furicien bEHaMBRMAhenBraRd o0 Gvemitilis RRAHY MR- bAHRI

system shal | be added into the tw n-screw extruder follow ng the

di ssol ut i otwcaaspeetss| Hifstly rélativeiye high dmenkimgpneléraation tudy pefidich eliastict resquierynéang

met hod t hrough hgnlg%wtstgiénni ng assenbly. S(t)retchi_n | ratio of spinneret can

be sel ect e@“%’éj the of; the bolloyy srcanhsans, e MY plgoriginab ene undes the sretdbing

controlled : o this  wa af oy esai d hol | ow nenbrane can he obtai ned

t hr ough ad %,3(21%\(;&1%[89@,[1.? 5%?%%‘?1.“16“1 rane length can be recovered fo ori one
(membrane length can be recovered to 200% of original one once the stretching stress is

released at the deformation by 500% approximately). Furthermore, flux can also be
recovered to the original one. Such performance can effectively ensure the perfect
deformation performance of existing fiber membrane material, which can prevent such
problems as inevitable deformation and breakage under the stress during use. Secondly,
hollow membrane body may subject to uniform expansion under intemal air pressure,
which may resuit i high microvoid aperture on the membrane surface and high porosity.
As a result of it, membrane function of “low-pressure filtration-high-pressure cleaning
(including washing and backwashing)” can be obtained. Furthermore, internally
pressurized membrane assembly obtained thereafter can realize online cleaning (including
washing and backwashing) during application of the membrane, and minimize the
frequency of conventional chemical cleaning to the extent of extending service life of

membrane materal.

Meanwhile, the invention is also designed with manufacturing method for aforesaid hollow



According to inspection, corresponding value of water flux of hollow
meibrane as tested with internal pressure nethod at the stretching ratio of
3 and 5 tines, pressure of 0.1MPa and tenperature below 25C is 690 and 1130
(Lin-2. W) ‘respectively. Enbodi ment 2 Adjust the proportion of interfacial
pore formng agent and non-interfacial pore form ng agent of enbodinent 1
to 10% and 90%.of total mass of pore form ng agent respectively; select
st r et chi ngfibeimemnbsanedplapnlaeturing sethodifershorth guclcmntlilbd iafRsstoymepaseppbyingro
obt ai n af oresai d | |.ow nenbrane. ..Accordi ng to inspection, corresponding
val ue of WEERPIANE JTHRS (RPEB ARG o TS R e st fr fhe hallewedbe

- | . ; . 1NVP. d.t t t bel
2501 o 10656 BHEE ol Ble fln. WFicR 88 Wil od i n@Pipindits RERS! bt "
const i t ut egfoR¥aid IHaR6w Jfite emBAbias: NBiEsRO bl ARERaRe P mb Bl REGIRNT /

soft segnent mass ratio of 1/2 is 45% conposite pore formng agent.”is the

m xt ure of syStefilipto the frolebaldr@nfoChétRplovilsie prendxiREat the epiperinird of 130~60% of
total mass_of the system The forner two belong to interfacial pore formng

agent wi t h14fGsniest themgture miforyely suixed intp the twig sowiextrades fordissalutidn andnposi t e
forni pg. agent. The,later bel t -interfacial f or pri

AR N PR A RO R AR R PO

DVBO i & Us gt HolkSy SpAftHCastdrit) d b tbAerBeSGl B~ 183 O Nhgrer U WG, TBSS

percent content 1s 20 xture © e aforesaid three s ances
fiber membrane can be obtained through water extraction with conventional wet-spinning

method.

Manufacturing method of the invention aims to uniformly mix appropriate amount of
organic liquid of low molecular weight with polyurethane and composite pore forming
agent for melt-spinning at a relatively low temperature. It is a new hollow membrane
manufacturing method created with integration of advantages of wet-spinning and
melt-spinning techniques: Melt-spinning temperature is lower than that of melt-spinning
with conventional method, limited amount of necessary solvent for wet-spinning is
characterized by short technological flow, simple process, easy control of membrane pore,

energy saving, reduced emission and environmental protection.

Extraction-in-water technique of the invention is identical to prior wet-spinning methods.
The only difference is that extraction-in-water of conventional wet-spinning process mainly
aims to facilitate the dual dispersion of solvent trickle for the purpose of membrane
sohdification. Extraction-in-water process of the invention is provided with conventional
dual dispersion and solidification process as thermally induced phase separation, which can
play a role in stabilizing and optimizing porous structure of fiber membrane. Furthermore,

it is also available for adequate removal of water soluble pore forming agent during
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shall serve as the nmenbrane formng systemfor heated forcible premxing in
the hybrid cauldron. Such nenbrane form ng system shall be added into the
twi n-screw extruder follow ng the dissolution and nelting for nenbrane
manuf acturi'ng with melt-spinning method through hol | ow spinning assenbly.
Stretching ratio of spinneret can be selected as 3 tines; whereas
processing tenperature must be controlled at 155 C In this way, aforesaid
hol | ow nmeniemhene manplactunng ik spinngmgthod ddeoperer membsaegnanufasturiog with
According to inspection, correﬁgin%gafval ue of .water flux of hollow

menbr ane  ofONYFRLOBRTRRSRmgRethad s WRISE RTarYORPrOe8s sur e net hod at t he
pressure 0.1MPa and the tenperature below 25C is 920 n2h' ). Enbodi nent 4
Change non-interfacial pore formng agent PVP into 2m Li Cl, CaCl2, NaCl and
KCL parti chfsth@ashafcenstichs oEféthad ¥f the ifveht®n i B bttty pocRaRged to
obt ai n hol | ow menbr ane of ormul as. According to inspection,

cor respondpmy v‘al the ciktragttoananfwatex pfocéss| Idovingre membrene efarufsetveinp osvithent as
tested with jnternal pressure nethod at the pressure 0.1MPa and the

t enper at ur Belyepiaging sicthod. Sspeungragtiqof aforgsidiigtohmgprooessis 3-5imes) whereas

tivel Lt |l icable ta . lasticity. t f hol |
monbr ane. sl mReRR iefedus ik AGHY F Suef e G dafraraie 0B ai
tretchi ' | . j : T ARTC
Shat - br eans eSS of BB kit Pl mofhBithd inbAfRd b by stdclfiflatife o
stress is mahéhdtiririgiofhiodw nwmbeinessith ddavetiohdl nedQinnkngéthodf fi ber

menbrane can be recovered bel ow 200% of original one once stretching stress
is released at the defornmation of 500% approxi nately.

Issues not described in the invention are applicable to prior art.

Several preferred embodiments of the invention are listed as follows, which shall not

constitute limitations on claims of the invention.

Embodiment 1

Mass percent content of polymer matrix constituted by fiber grade polyether polyurethane
at the rigid segment / soft segment mass ratio of 1/2 is 25%; composite pore forming agent
1s the mixture of 0.01um SiO;powder and PVP, accounting for 60% of total mass of the
system. The former belongs to interfacial pore forming agent, accounting for 30% of total
mass of composite pore forming agent. The later belongs to non-interfacial pore forming
agent, aécéunting for 70% of total mass of composite pore forming agent. DMSO is used
‘as the organic lfquid of low molecular weight, of which, mass percent content is 15%.
Mixture of the aforesaid three substances shall serve as the membrane forming system for
heated forcible premixing in the hybrid cauldron at the temperature of 130°C. Such
membrane forming system shall be added into the twin-screw extruder following the
dissolution and melting for membrane manufacturing with melt-spinning method through

11



" Enbodinment 5 It is applicable obtain hol | ow menbrane by changing organic

l'iquid of |ow nol eculpgr wei ght of enbodiment 1 into DVMF and DVMAC with other
condi ti ons unchanged. According to inspection, corresponding value of water
flux of hol'l ow menbrane of the enbodiment as tested with internal pressure
met hod at the pressure 0.1MPa and the tenperature bel ow 25C subjects to no

' S i.th enbodi nent, 1. Enbodinent 6 It is applicable
o obt ai n BEBCOIEIRCESBRRY wa.@g@?élwammtbfﬁeﬁggfaf Thmsor
L hald : '
ggglﬁnggpt\g}ilﬁe%gnt é@r Eﬂwag pres%%@%ﬁﬁgﬁn@pmﬁemgﬁﬂa@?‘@awgwof

hol | ow nermemﬂen@m&@bmmgu é\b%%ﬁbr%&d&ﬁ.ri cal profil e of: equal
aperture. Water flux J passing through such pore can be described with

Hagen- Poi seui | | e equation as follows: r2Ap

According to inspection, corresponding value of water flux of hollow membrane as tested
with internal pressure method at the stretching ratio of 3 and 5 times, pressure of 0.1MPa
and temperature below 25°C is 690 and 1130 (L-m>h™) respectively.

Embodiment 2

Adjust the proportion of interfacial pore forming agent and non-interfacial pore forming
agent of embodiment 1 to 10% and 90% of total mass of pore forming agent respectively;
select stretching ratio of spinneret as 3 with other conditions unchanged to obtain aforesaid

hollow membrane.

According to inspection, coiresponding valué of water 'ﬂux of hollow membrane of the
embodiment as tested with internal pressure method at the pressure 0.1MPa and the
temperature below 25°C is 1090 (L-m'?-h'1 ).

Embodiment 3 ,

Mass percent content of polymer matrix constituted by fiber grade polyether polyurethane
at the rigid segment / soft segment mass ratio of 1/2 is 45%; composite pore forming agent
is the mixture of 0.01pm SiO, powder Spm CaCO; powder and PEG accounting for 60%
of total mass of the system. The former two belong to interfacial pore forming agent with
mass ratio of 1/1, accounting for 30% of total mass of composite pore forming agent. The
later belongs to non-interfacial pore forming agent, accounting for 70% of total mass of
composite pore forming agent. DMSO is used as the organic liquid of low molecular
weight, of which, mass percent content is 20%. Mixture of the aforesaid three substances

12



8 ri d Wierein, cat , r,gq, AP and d refer to porosity, pore radius,
viscosity, working pressure and thickness of separation nmenbrane .
respectively. If there is no change to the mcrovoid structure and porosity
of the menbrane subjecting to pure water test at the different filtration
pressure, the water flux shall be directly proportional to the working

vart ati on Sl S8 BEREMOSR ol e oAl B bthefELeR o
Thi s i ndi Gahignt Baéh RRAbrak tBHﬂuhQ‘é’yé?@rH%ﬂ[‘Be Hddd"itd e %‘.?ev@%ﬁﬁ’u%?

expanded under the internal pressure, resulting I n expan m crovol d

aperture dolldwiag nissrtissuheionunt] anelting) forhmeibians asintifictulvhwitin@ellkgin®her has
Wi t nessed a Si l(anflcant expansi on acconpani ed by rise of internal pressure.

d ai ns cfwg@nmmmmhlef Stydt¢hirtg fatio ofmmcreepmmjseimtedraat mass
ercent f rrulao its nenbrane form temis,k as
Igol yureth S, WECTSH RIPGES e tﬁB’P%‘a ‘Wé 5 JoRiralied. %% T this way,

aforesald hollow membrane can be obtained through adequate water extraction.

According to inspection, corresponding value of water flux of hollow membrane of the
embodiment as tested with internal pressure method at the pressure 0.1MPa and the
temperature below 25°C is 920 (L-m™>h).

Embodiment 4

Change non-interfacial pore forming agent PVP into 2pum LiCl, CaCl,, NaCl and KCl
particles based on the embodiment 2 with other conditions unchanged to obtain hollow

membrane of 4 formulas.

According to inspection, corresponding value of water flux of hollow membrane of the
embodiment as tested with internal pressure method at the pressure 0.1MPa and: the
temperature below 25°C is 1520, 1610, 1480 and 1590 (L'm™>h ) respectively.

It is applicable to carry out elasticity test for hollow membrane as obtained through addition
of KCI particles to further obtain stretching curve (as shown in FIG 1). Viewing from FIG
1, it can be seen that breaking elongation of fiber membrane under the action of stretching
stress 1s relatively high, which can be up to 500%. Length of fiber membrane can be

recovered below 200% of original one once stretching stress is released at the deformation
of 500% approximately.
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Organic liquid of |ow nol ecular weight 15-20, sumof all constituents is
100% Wherei n af oresai d pol yurethane is of fiber grade wwth mass ratio
bet ween soft and rigid segnments between 1/1 and 1/5; aforesaid conposite
pore form ng agent serves as the m xture of pore form ng agent for
interfacial mcrovoid and non-interfacial mcrovoid respectively, in which,
pore form agent for interfacial mcrovoid accounts for 10-30% of total
mass of c 2 't“éenﬁ re form ng agent; Pore form ng agent for interfacial

m crovoid : - l]#ﬁpz!n ' I cticl.e i ible with
pol yur et hall;t\gg, E‘é@%"%ﬂe ;agﬁjél\gﬁn%%gveg%o m%xltwué}gagg]? kgbrrlga%%ci h(ﬁl\%g 0rf g‘?\‘gor}ﬁ@%?ug ortions
bet ween Si&eigitdf Cmbsdiment NinfERNEnd DNIAC veih dtiter orifitions ddéRangr € f or m ng
agent for non-interfacial mcrivoid refers to water sol ubl e substance

conposed of water soluble inorganic particle, water sol uble polyner, water

or aforesaid ter sol ubl e substances of random proportion; aforesaid water
sol ubl e i né?@%% to, WERECEONE coEesPERBS ¥alug of aier slux af bollowsuambrangiof thand KC1

i t h i 01 - f i d | ub i c
e utea SHBUERST el Pl intera orRRE TidhdL S RS TNBE! e i
| ow ol ecubmpemidtilow 25Tal Gub@kab o bBvIBRAGASE! a‘.é%ﬂﬁlgélfed Wath @mba@hieht £

pol yur et hane of high boiling point, including one nore m xture of

di met hyl f or mam de, di net hyl sul f oxi de and di net hyl acet am de of random
proportion. 2. A hollow fiber menbrane according to Claim1, whichis
char act er i Emxpodimeni&t nass ratio between rigid and soft segments of

f idpolyureth is 1/2. 3. A holl ib mbr di t
RN N MR SR N L A T R
Lt o ame® eclarfRORN ¥t Bf BBSHARA"H of S Mlfdrakiab beld 35 ¥ Phis™

different working pressure.

Normally, Microvoid structure of hollow membrane can be assumed as parallel
cylindrical profile of equal aperture. Water flux J passing through such pore can

be described with Hagen-Poiseuille equation as follows:

pr’Ap
8n d

Wherein, @, ¥ ,77, AP and d refer to porosity, pore radius, viscosity, working

pressure and thickness of separation membrane respectively. If there is no change
to the microvoid structure and porosity of the membrane subjecting to pure water
test at the different filtration pressure, the water flux shall be directly proportional
to the wofking pressure in linear relationship, namely J=KAP. It is obvious that
curve variation as shown in FIG 2 is not in compliance with linear relationship.
This indicates that body of hollow membrane of the invention becomes expanded
under the internal pressure, resulting in expanded microvoid aperture. on the
membrane surface and high porosity. Membrane diameter has witnessed a

significant expansion accompanied by rise of internal pressure.
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4. A hollow fiber nmenbrane manufacturing nethod, which is characterized in
that it. takes the followi ng nelt-spinning process: Firstly, prepare polyner
menbrane form ng system according to requirenments for mass percent fornula
of hollow fiber nmenbrane according to Claim1, 2 and 3; pour it into the
hybrid caul dron for heated forcible prem xing at the heating tenperature of
130-140C, inject the mxture uniforq;%ﬂgl ed into the twin screw extruder
for dissolution and fusion prior to rane manufacturing with
mel t - spi nni ng et hods t hrough hol | ow spinning assenbly at the tenperature
of 130 - 155Q, sahdlhv fiétmertisthhe) Whichtie chaifddizad & Ba nMe peRbmi fo@suls bf ough
extraction-in-water as conventional wet-spinning nethod. 5. A hol | ow
fi ber nenits membrana firming system isatfobevsiccording to G aim 4, which is
characterized i hat stretching process and_extraction-in-water process
shall be carrie ‘ﬁﬂgahﬂ“broper sequence foII3§Tﬂ6=nenbrane manuf act uri ng
with nelt-spinning nethods;. stretching ratio foresaid stretching

f
process is 3-5 tyHBROSIG R IR agent hi' ng proég? fg tenperature is 40-60C.
Organic liquid of low molecular weight 15~20, sum of all constituents is

100%
Wherein aforesaid polyurethane is of fiber grade with mass ratio between soft and rigid
segments between 1/1 and 1/5; aforesaid composite pore forming agent serves as the
mixture of pore forming agent for interfacial microvoid and non-interfacial microvoid
respectively, in which, pore forming agent for interfacial microvoid accounts for 10-30% of
total mass of composite pore forming agent; Pore forming agent for interfacial microvoid -
refers to non-water soluble inorganic particle incompatible with polyurethane, which is
composed of mixture of one. or two random proportions between SiO,and CaCO; with
mean diameter up to 0.01 ~5pum,; pore forming agent for non-interfacial micrivoid refers to
water soluble substance composed of water soluble inorganic particle, water soluble
polymer, water or aforesaid water soluble subétances of random proportion; aforesaid
water soluble inorganic particle is composed of any of LiCl, CaCl,, NaCl and KCl with
mean diameter up to 0.01~5um; aforesaid water soluble particle includes polyvinyl
pyrro]idqne or polyethylene glycol; aforesaid organic low .mole'cﬁlar Weight liquid refers to
good solvent of water soluble. polyurethane of high boiling point, including one or more
mixture of dimethylformamide, dimethylsulfoxide and dimethylacetamide of random
_ proportion.

2. Ahollow fiber membrane according to Claim 1, which is characterized in that mass
ratio between rigid and soft segments of aforesaid polyurethane is 1/2.

3. Ahollow fiber membrane according to Claim 1, which is characterized in that water

with amount no more than 10% total mass of composite pore forming agent is added into
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the aforesaid membrane forming system.

4. A hollow fiber membrane manufacturing method, which is characterized in that it
takes the following melt-spinning process: Firstly, prepare polymer membrane forming
system according to requirements for mass percent formula of hollow fiber membrane
according to Claim 1, 2 and 3; pour it into the hybrid cauldron for heated forcible
premixing at the heating temperature of 130~140°C; inject the mixture uniformly mixed
into the twin screw extruder for dissolution and fusion prior to membrane manufacturing
with melt-spinning methods through hollow spinning assembly at the temperature of
130 ~ 155°C; after that, hollow fiber membrane can be obtained through
extraction-in-water as conventional wet-spinning method.

5. A hollow fiber membrane manufacturing method according to Claim 4, which is
characterized in that stretching process and extraction-in-water process shall be carried out
in proper sequence following membrane manufacturing with melt-spinning methods;

stretching ratio of aforesaid stretching process is 3-5 times; whereas stretching processing
temperature is 40-60°C.
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