1 HOLLOW FI BRE MEMBRANE MODULE Field of the Invention [0001] The present
invention generally relates to filtration technol ogi es, and nore
particularly to a hollow fiber nmenbrane nodule with integrated cleaning
system for cleaning the fiber nenbraqe surfaces during the filtration.
Background of the Invention [0002] Pol'ynmeric hollow fiber nenbranes have
el ongated central lunens so that they are useful in filtration, one of its
broad applications. Fi HQEEOIY KHBRE MEMBRANE MO8 Hohents in eit her

| i qui ds or gases according to the sizes and/or charges of the conponents.
Thus, polyneric hollow fiber nenbranes have been extensively used as a

| i qui d/solid separation mean i Fi¢ldb€thellnvputiod i cati on and wast ewat er
treatment. For exanple, in the wastewater treatnent, wastewater is passed
t hrough either the bore or shell sides of nultiple mcroporous holl ow
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ret ent afg?axmﬁéhﬁ)ﬁé‘ﬁéﬁ bra%efs‘ggl&ﬁs mgda? ﬁﬂ%é‘P“rrenbr anes determines the
specific conpositions of the perneate and retentate. [0003] Holl ow fi ber
enbrane nodul e usually conprises a plurality of hollow fiber nenbranes for
filtration. The filtrati on ddackigeowst éfthedovéngionxt er nal pressure node where

suspension liquid such as wastewater can be pressured on the external side
of hollow fiber wall to |eave the solid on the external surface of the
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or by internal pressure node where the suspension |iquid can be pressured
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6, 331, 248) and curtain (e.g., US. Pat. 5,6922,201). Sone
liquid/solid separation mean 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] Hollow fiber embrane module usually comprises a plurality of hollow fiber
membranes for filtration. The filtration can be performed by external pressure mode where
suspension liquid such as wastewater can be pressured on the external side of hollow fiber
wall to leave the solid on the external surface of the hollow fiber membrane and to get
filtered liquid from the inner channel, or by internal pressure mode where the suspension
liquid can be pressured from inner surface through the hollow fiber membrane wall to
leave the solid on the inner wall of the hollow fibers and to get filtered liquid from outside
of the hollow fibers.

[0004] Many types of hollow fiber membrane modules are described, such as a
cylinder (e.g., U.S. Pat. 6,331,248) and curtain (e.g., U.S. Pat. 5,922,201). Some



2 menbrane nodul es can be made without frame (e.g., U S. Pat. 5,248,424) or
imersing type (e.g., US. Pat. 6,630,069). No matter of the
configurations of different hollow fiber menbrane nodul es, solid

retentates will deposit upon the outer, surface for external pressure node
filtration or the inner surface for imternal pressure node filtration. The
deposition will severely affect the filtration efficiency. Therefore, In
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of a fi (rggg. pressure to the inner surface of the hollow fiber nenbrane and

a second pressure to the outer surface of the hollow fiber menbranes. The
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unconfined in a modular shell, and aerated with a cleaning gas supplied by a gas-

distribution means which produces a mass of bubbles serving the function of a scrub-brush
for the outer surfaces of the fibers. However, the gas distribution means complicate the
making of the module, and it is hard to optimize the conditions of gas distribution for
different membranes and suspension liquids.

[0006] WO 2004/024304 A2 discloses a system and method for cleaning hollow
fiber membranes. The method includes the application of a first pressure to the inner
surface of the hollow fiber membrane and a second pressure to the outer surface of the
hollow fiber membranes. The differentials between these two pressures will determine the
flow directions across the fiber membranes. Quick flips of the flow directions will reduce
the deposits on the surfaces. However, its basic principle is still using the reverses of flow
directions to reduce the deposits.

[0007] Mostly, both ends of hollow fibers are fixed or potted in a resin bed so
that the inner channel of fibers is separated from outside of fibers. However, it makes

fiber hard to wave due to the restraining from the potted resin. In some prior arts, the




directions to reduce the deposits. [0007] Mostly, both ends of holl ow
fibers are fixed or potted in a resin bed so that the inner channel of
fibers is separated fromoutside of fibers. However, it nmakes fiber hard
to wave due to the restraining fromthe potted resin. In sone prior arts,
the 3 hollow fiber nenbrane nodul es have only one end of hollow fibers
enbedded in sealing conpound and | eave the other end free. For exanple,
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invention has inproved the filtration efficiency and reduced the

manuf ac fefuse gegpanufgdrorostn one aspect of the present invention, there is
provided a hollow fiber nenbrane nodul e for external pressure node
filtrations. In one enbodinent, the hollow fiber nenbrane nodul e conprises
a container in which the fil (Suaimary ofthpdn¥eantivad, wherein the container
has fluid conmuni cation nmeans for introduction of suspension liquids into
the container and renoval of retentates and perneates fromthe container;
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fiber membrane module comprises a container in which the filtration is performed, wherein
the container has fluid communication means for introduction of suspension liquids into
the container and removal of retentates and permeates from the container; at least one fiber
bundle, wherein each fiber bundle comprises a plurality of hollow fiber membranes with
first ends and second ends; wherein the first ends of the hollow fiber membranes are potted
in a solid bed that in turn is fixed in a mold and sealed by sealers so as to form a collection
chamber and a filtration chamber within the container; and wherein the second ends of the
hollow fiber membranes are closed by a sealer and disposed within the filtration chamber;
and at least one flushing pipe with a plurality of flushing holes for introducing the
suspension liquid into the filtration chamber to cause the unrestrained fiber membranes
having a seaweed-like movement so as to self-clean the surfaces of the hollow fiber
membranes.
[0011] In another embodiment of the hollow fiber membrane module, the fluid
communication means comprises at least one suspension inlet for the suspension liquid to
be introduced into the filtration chamber, at least one filtered liquid outlet for the permeates

to be removed from the collection chamber, and at least one discharge outlet for the




havi ng a seaweed-|i ke novenent so as to self-clean the surfaces of the
hol | ow fi ber nenbranes. [0011] In another enbodi nent of the hollow fiber
menbrane nodule, the fluid comunication nmeans conprises at |east one
suspension inlet for the suspension liquid to be introduced into the
filtration chanber, at |east one filtéred liquid outlet for the perneates
to be renoved fromthe coll ection chanber, and at | east one di scharge

out | et frefentatee totbe mrevedfrom the filtmtioawbamberf doandther dntbodimaent ofithethebber . | n
anot her enbodi nent of ,the, hollow fiber menbran ule, the coptainer
conpr 1 s dPE TN Sl b i e oS L O SRRF B P

cont ai N@bttem dotnh thel doRtaRRE bied 3w ParkS SANBY ReenTBled shbdsESHMIedepas! | Y.
[0012] In yet another enbodi nent of the hollow fiber nenbrane nodul e, the
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In a further enbodi ment of the hollow fiber nenbrane nodule, the at |east
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polyimides.
[0014] In yet another embodiment of the hollow fiber membrane module, the
flushing pipe is made of materials selected from the group consisting of ABS, PVC,
PMMA, polyester, polycarbonate, PP, copper, steel, aluminum and stainless steel. In a
further embodiment of the hollow fiber membrane module, the at least one flushing pipe is
merged with the suspension inlet at one end. In another further embodiment of the hollow
fiber membrane module, the at least one flushing pipe is separated from the suspension
inlet.
[0015] In another aspect of the present invention, there is provided a method for
filtrating a suspension liquid with the hollow fiber membrane module of the present
invention. The method comprises the steps of introducing the suspension liquid via the
suspension inlet into the filtration chamber, causing the hollow fiber membranes to have
seaweed-like movements by the flushing pipe, and collecting permeates from the collection
chamber and removing the retentates from the filtration chamber; whereby the hollow fiber
membranes are self-cleaned during the filtration process so that the filtration process can

be prolonged and maintained with high efficiency.




fi ber nmenbrane nodule, the at |east one flushing pipe is separated fromthe
suspension inlet. [0015] In another aspect of the present invention, there
is provided a nethod for filtrating a suspension liquid with the holl ow
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and at least one flushing pipe with a plurality of flushing holes for introducing the
suspension liquid into the suspension liquid holding means to cause the unrestrained fiber
membranes having a seaweed-like movement so as to self-clean the surfaces of the hollow
fiber membranes.

[0017] In another embodiment of the hollow fiber membrane filtration system, the
fluid communication means comprises at least one suspension inlet for the suspension
liquid to be introduced into the filtration chamber; and at least one discharge outlet for the
retentates to be removed from the filtration chamber.

[0018] In yet another embodiment of the hollow fiber membrane filtration system,
wherein the hollow fiber membrane is with pore size from 0.002 to 2um, fiber diameter
0.2-2mm and porosity between 50% and 90% by volume. In a further embodiment of the
hollow fiber membrane filtration system, the hollow fiber membrane is made from various
flexible polymers selected from the group consisting of polyvinylidene fluoride (PVDEF),
cellulose, polyacrylonitrile (PAN), polysulfone (PS), polyethersulfone (PES),
polypropylene (PP), polyvinyl chloride(PVC), polyamides and polyimides.




menbranes having a seaweed-1i ke novenent so as to self-clean the surfaces
of the hollow fiber nenbranes. [0017] In another enbodi nent of the holl ow
fi ber nmenbrane filtration system the fluid comunication neans conprises
at | east one suspension inlet for the _suspension liquid to be introduced
into the filtration chanber; and at | East one di scharge outlet for the
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the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0022] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0023] Fig 1 shows an illustratively schematic diagram of the hollow fiber

membrane module in accordance with one embodiment of the present invention.
Detailed Description of the Invention

[0024] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.
[0025] Throughout this application, where publications are referenced, the

disclosures of these publications are hereby incorporated by reference, in their entireties,



the follow ng detailed description of preferred enbodi nents thereof in
connection with the acconpanying drawi ngs. Brief Description of the

Drawi ngs [0022] Preferred enbodi mnents according to the present invention
will now be described with reference_to the Figures, in which |ike
reference nunerals denote |ike elenefts. [0023] Fig 1 shows an
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[0028] Now referring to FIG 1, there is provided an illustratively schematic
diagram of the hollow fiber membrane module with three fiber bundles. It is to be
appreciated that the number of fiber bundles within one module and the number of hollow
fiber membranes within each fiber bundle are not limitation of the present invention.
Instead, the numbers of fiber bundles and hollow fiber membranes can be varied according
to one’s specific applications. The distance between two bundles is not restricted; it is
preferably larger than 10mm. Fiber and pipe distance has no restriction. Fiber length is at
least 80mm, preferably 200 to 3000mm. Pipe length may be the same or shorter than the
fiber length. Number of holes is not restricted; it is preferable that the total surface area of
the holes is less than the cross section area of the pipe. Distribution of the holes is not
restricted; it is suitable as long as the distribution can cause fiber movement. In addition,
the number and location of inlets and outlets are not restricted; they can be determined by a
user’s specific applications.
[0029] The hollow fiber membrane module as shown in Fig 1 comprises a bottom
container 4 in which the filtered liquid is collected. The container 4 has at least one
suspension inlet 1 and at least one filtered liquid outlet 2. Another top container 8 in which
suspension liquid such as water, solutions or other fluids to be filtered is stored. The

container 8 has at least one discharge outlet 14. The at least one suspension inlet 1




di agram of the hollow fiber nmenbrane nodule with three fiber bundles. It is
to be appreciated that the nunber of fiber bundles within one nodule and

t he nunber of hollow fiber nmenbranes within each fiber bundle are not
limtation of the present invention. _lnstead, the nunbers of fiber bundles
and hol | ow fiber menbranes can be var Ped accord| ng to one's specific
applications. The distance between two bundles is not restricted; it is
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bottom ontagner 4 in which the filtered liquid is collected._ The
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at | east one discharge outlet 14 provides neans for retentates to
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nodul e es at ) ne fiber n each. fi ber
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are the fiber should be potted in filtration chamber. In addition, the top and bottom parts of the
container may be easily assembled and disassembled. It is to be appreciated that in
application of the present invention, the collection chamber is essential but the filtration
chamber can be part of water tank or reservoir.
[0031] The hollow fiber membrane module further comprises at least one flushing
pipe 11 with a plurality of flushing holes 10. It is to be appreciated that one of the at least
one fiber bundles may have more than one flushing pipe. The number of the flushing pipes
is not a limitation for the present invention. The flushing pipe 11 can merge with the
suspension inlet 1 at one end and penetrate the solid bed 7 as shown in FIG 1 so that the
flushing pipe 11 functions both as channel for passing the suspension liquid from the
external source to the filtration chamber and as a flushing source to cause the fibers with
unrestrained second ends to have seaweed movements within the filtration chamber so as
to self-clean the fiber surfaces. In another embodiment, the flushing pipe 11 may be a

separate component from the suspension inlet so that the suspension inlet can function as a

channel for the introduction of suspension liquid into the filtration chamber and the




separated with limted conmunications di scussed hereinafter. The first ends
of the hollow fibers 9 that are potted in the solid bed 7 are open to the
col l ection chanber 3 as magnified in FIG 1. The second ends of the holl ow
fibers 9 are closed by a sealer 12 as_magnified in FIG 1. The seal ed

second ends are di sposed within the fP tration chamber. The two chanbers

may be formed by the nold that provides adaptors for the fiber bundle. A
seal er flushipgpipsean Senstiop as adlusiiog sewes. ol thisantnmer, different piessriss may behat t he

whol e orap@%edlatggﬁsiug ,rnts.*0 gnl{:{abnedtfnie Bﬁsrohtl‘?%h,ﬁ%%l d be potted in filtration

chanber . op and ;e)'arts of the - container may be
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application of the present invention, the collection chanber is_essential
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separate conmponent fromthe suspension inlet so that the suspension inlet

can funexteonl side af thehaHowlIfibenr t he i ntroducti on of suspension liquid into

the fil ion ch er _and t.he 9 flyshi i.pe can.function as | ushi ng
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[0034] The fixed ends of hollow fibers are open to the collection chamber and the
free ends are sealed to separate from external side of hollow fibers. The sealing material
and method are critical to prevent leakage of suspension liquid from the filtration chamber
into the fibers and then to the collection chamber. The polymer used to seal the free end
should have strong adhesion to the hollow fibers. The polymer can be, not restricted to,
epoxy, polyurethane, polyester, PAN, PVDEF, PP, PVC, PS, PES, Cellulose, polyamides
and polyimides. The hollow fibers are dipped in a liquid with sealing polymer and
separated from each other. After the sealing polymer is cured the hollow fibers can be
used in the module.

[0035] In one embodiment, the flushing pipe can be made from common plastic
piping materials such as ABS, PVC, PMMA, polyester, polycarbonate and PP or metals

such as copper, steel, aluminium and stainless steel. The holes are drilled on the side of the

pipe. The diameter of the holes are from 0.5 to 10mm.




caused by liquid height or produced when outlet 14 is partially closed or
by suction from outlet 2. Cean liquid penetrates the hollow fibers 9 into
the collection chanber 3 and then goes through the clean or filtered
liquid outlet 2. During the fiItratiQﬂ%the di scharge outlet 14 can be
opened to formcross flow filtration de in order to renove cakes on the

external side of the hollow fiber. [0033] In the present invention, the
hol | ow fQ088Ir nenblhnédlavdng pramplecare poerideddior tesofd mupeseof pbsyradrstheuch as

pol yaul PERGPIEY M8 b S DX iiontCl W85 Smea MRS ke AB0AC ) B BN, 1

chl ori dé{veiign. pol yam des and polyi mdes. In addition, the hollow fiber
menbrane is with %ore size from0.002 to 2um fiber diameter 0.2-2mm and
por osi t J°93Het weenEB®9PKAd 90% by vol une. [0034] The fixed ends of hol | ow

fibers open t I @ﬁﬁﬁ{ led to
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hol I ow fv&h@@e{g@w 180 PPhY BBkr &R0 Pber Ylas "d@%ﬂ i€ b Epday resiBP PR iR Wireet hane,
pol yester, PAN, PVDF, PP, PVC, PS, PES, | I'ul ose, pol yam des and
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and separated fr each at her fter the sealing,.pol i S red.t he
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f1 ushi ngyifhi PEmeRP 288n MRESibRIN £0FIPEhsRIAEEIIE inlet. PIATEr ¥BLiification §£ite as
ABS, PVC, PMMA, polyester, polycarbonate and PP or netals such as copper,

st eel , &by mesinmsahid seal svan fersieddn éhel freeind of theckpllgmefibari [The dibets conld bgi de of
the pipe, e di te f 1 hol es. are me.5 109 The
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present = invention. [0037] Exanple 1
is 1200L/hr.
[0039] 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

and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




[ 0038] A bundl e of 3500 pieces PVDF hollow fiber nmenbrane with outer
dianeter 1.0mm inner dianeter 0.6mm |ength 300nm average pore size

0. 2um and porosity 80% was put in a nodule as shown in Fig. 1. One end of
the fibers was fixed in a PVC nould ¥%th epoxy resin. The other end of
fibers was di pped in an epoxy resin. e fibers were physically separated
each other during the curing process of the epoxy resin with a filler
(silica gel powder). A central ABS flushing pipe with inner dianmeter 20nm
and 80 holes wth dianeter 2nn1is(ﬁ§§ | ed as suspension liquid inlet.
After solidification of the epoxy T a solid seal was fornmed in the
free end of the hollow fiber. The fibers could be waved freely. The whol e
nodul e was put in a PVC coll ection chanber and a filtration chanber. The
nodul e Wékatas ¢laiseddsin a water supply pipe. The initial flux of the nodul e
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mode fi lgpeAaklAbanes GMRTrbSNAY andPsc O @ﬁd%eﬁvhbﬂ%lnv‘ﬂﬂb Gibst leh@s dfithé helldvo Fibérs
performed, wherein the container has fluid communication neans for

intr odumenﬂmramefs ascupqnmdgn@rwhd bed et imtuon isHixeddn eanalé and srpled hipalers sof
retentate r.om t ont ai ; |.east one fi ,
wher ei n ég‘bﬁ’ EE n%b(?ﬁﬁ?‘?ggitr 1981 El?gp?rtvlt%lflqﬁoﬂné%nerf ?rg ne%%r anes

Wi th i rsd se26a® eﬁ’d&%f&ﬁ&ﬂmbv@ﬂﬁ& m¥ABaRkdark teostd bt sealeisarll dlgﬂtsedwwhﬂmw fiber
menbranes are potted in a solid bed that in turnis fixed in a nold and
seal ed Hbye Skratien shayaber; and

at least one flushing pipe with a plurality of flushing holes for introducing the
suspension liquid into the filtration chamber to cause the unrestrained fiber membranes
having a seaweed-like movement so as to self-clean the surfaces of the hollow fiber

membranes.

2. The hollow fiber membrane module of claim 1, wherein the fluid communication
means comprises:

at least one suspension inlet for the suspension liquid to be introduced into the
filtration chamber;

at least one filtered liquid outlet for the permeates to be removed from the
collection chamber; and

at least one discharge outlet for the retentates to be removed from the filtration

chamber.

3. The hollow fiber membrane module of claim 1, wherein the container comprises a
top and a bottom, wherein the top and bottom form the container and the two parts can be

assembled and disassembled easily.




as to forma collection chanber and a filtration chanber within the
container; and wherein the second ends of the hollow fiber nmenbranes are
cl osed by a sealer and disposed within the filtration chanber; and at

| east one flushing pipe with a plurality of flushing holes for introducing
the suspension liquid into the filtration chanber to cause the
unrestrained fiber nenbranes having a seaweed-1i ke novenent so as to
self-clean the surfaces of the hollow fiber nenbranes. 2. The holl ow fi ber

menbr ang nodyle,of claim1l, .wherein,t f.luid.co ni,cat i neans

corpr 1 ods.au b Ue® e b mpERE ia ikt SR ETEHEERbH fber FRAMEe, be

i ntrodugedithFoee tibe frobd 010026 QOmS AiBBLERnett 0l222%in MMEpdrobityeh@teéd §0%6d
outlet for the perneates to be renoved fromthe collection chanber; and at

| east omad 8P%diyavoemeut | et for the retentates to be removed fromthe
filtration chanber. 3. The hollow fiber nenbrane nodule of claima1l,
wherein the container conprises a top and a bottom wherein the top and

bot t om f5or m tTihe helow dibeLincmbehnt Meodulofladdiins] , GéiRrdie thedfblomtited nftbrane

di sassenbl ed _easily. 12 4. The hollow fi her nepbrane nodul e of ¢laiml,
wher ei n 1% HBadfofToxy Yarkee Hexiblamelymersypelpcted Gomy she rgrown sonsisting Aum
fiber di F=I B 05/ e 0 . % 5. The
hol | ow ip ?@ﬂ%%%%gﬁgﬁhﬁgggwa ééclf%?ér%f %Y)\B’% r%@ﬁll?EgAﬁ\% ?’@%S‘%q%lg;@%nbr ane
i s made pblyetheysul foae SPES e xiobyeopdenar@ly, pelyenilyé dhlorida{PVi(e), gohyamidmnsidst i ng
of polyvjnyljdene fluoride (PVDF), cellul ose, polyacrylonitrile (PAN),

pol ysul PBIrYé%(JP@ pol yet her sul fone (PES), pol ypropyl ene (PP), pol yvinyl
chl ori de(PVC), polyam des and polyinmdes. 6. The hollow fiber nmenbrane
nmodul e of claim1, wherein the solid bed is nmade of resin such as epoxy,
pol yur etthane  Thpdiollewt fgrer naambrahemodild dfslaimdl wiiereinghasaid bef islmadel of

resin such as epoxy, polyurethane, polyester, and the mold is made of engineering plastic

such as ABS, polycarbonate, PVC, PP, PMMA, PE.

7. The hollow fiber membrane module of claim 1, wherein the sealers for sealing the
solid bed and mold and the second ends are selected from the group consisting of epoxy,
polyurethane, polyester, PAN, PVDF, PP, PVC, PS, PES, Cellulose, polyamides and

polyimides.

8. The hollow fiber membrane module of claim 1, wherein the flushing pipe is made
of materials selected from the group consisting of ABS, PVC, PMMA, polyester,

polycarbonate, PP, copper, steel, aluminum and stainless steel.

9. The hollow fiber membrane module of claim 1, wherein the at least one flushing

pipe is merged with the suspension inlet at one end.

10.  The hollow fiber membrane module of claim 1, wherein the at least one flushing

pipe is separated from the suspension inlet.

11. A method for filtrating a suspension liquid by filtration pressure drop caused by

liquid height or produced when discharge outlet for the retentates is partially closed or



such as ABS, pol ycarbonate, PVC, PP, PMVA, PE. 7. The hollow fiber nenbrane
nodul e of claim 1, wherein the sealers for sealing the solid bed and nold
and the second ends are selected fromthe group consisting of epoxy,

pol yur et hane, pol yester, PAN, PVDF, PP, PVC, PS, PES, Cellul ose, polyam des
and polyimdes. 8. The hollow fiber nmbrane nodul e of claim1, wherein
the flushing pipe is made of materials selected fromthe group consisting
of ABS, genatate@Myrsuchon yom entlet, pothytharkvblont ﬁbernnf;mbrqnpenodtg@ @élclaim| L num
and stainl ess sfeeL. 9. The holl ow fi ber nmenbrane nodule of claiml1,

wher ei nYREISIPE M AL9Ps 8Fe £ ushing pipe is merged with the suspension inl et
at one end. ifrodlibmghlel QWpbhdied 1R Ve EndTBEkpkrsioh iflediifloltheWhRfagion t he at
| east one flushing pipe is separated fromthe suspension inlet. 11. A
met hod flamber] trating a suspension liquid by filtration pressure drop
caused by Iigqui el I'e0rQ when, di schar t the
retentates i g%gggt |B1ael ﬁ‘gﬁoc (%bgea rgéiﬁﬁr%nasegoep g % %{F%gl}@{él %12)&/#1%5%53) t‘ihgt ,
t he hol Klovhihg pipe; am@nbr ane nodul e of claim 1, conprising the steps of:
i ntroducing the suspension liquid via the suspension jnlet into the

filtration epigeHag permgaiss fipm Hie qodpsting dhapber spdrpmanpg theratenjaes from

seaweedszyl J my by the flushing pipe; and collecting perneates from
t he col Fﬂelcjifq?rg{rll&cﬁgﬁﬁ)tg?’ and renmoving the retentates from the filtration
chanber; whemdbieby hiee haldvofibéi inembraseb a@rse-deaned dhifing theafiledtiohuprocesst he
filtratio rocess. so that the fjltration process can b rol onged and

mai nt ai AeHaRiE iRt REpgese F@éh‘&l?r%yge&mr%mﬁlaquaﬂrh WERSFIARI: | tr at i on
system conprising: a suspension |liquid holding neans, wherein the
suspension liquid holding nmeans has fluid conmunication neans for

i nt r odud2i on Adffoltomefilsa syamsamnfiliaton ssstéinmtcompnidingenoval of retentates and

permeates fr gns?ugphe%sigg ﬁ%%pds ilglginlgl rggelln%, Qv ler%&nnglerg%ggesn;sion liquid holding means

W th

has fluid communication means for introduction of the suspension liquids into and removal
of retentates and permeates from the suspension liquid holding means;

at least one fiber bundle, wherein each fiber bundle comprises a plurality of hollow
fiber membranes with first ends and second ends; wherein the first ends of the hollow fiber
membranes are open and potted together, thereby the permeates from the interior of the
hollow fiber membranes pass through the open ends; and wherein the second ends of the
hollow fiber membranes are closed by a sealer and disposed within the suspension liquid
holding means for filtration;

at least one permeates collection means for collecting the permeates from the
interior of the hollow fiber membranes; wherein the at least one permeates collection
means has means for allowing the permeates to flow outside; and wherein the at least one
fiber bundle is disposed sealedly between the suspension liquid holding means and the at
least one permeates collection means so that there is no liquid communication between the
holding means and the collection means for proper filtration; and

at least one flushing pipe with a plurality of flushing holes for introducing the
suspension liquid into the suspension liquid holding means to cause the unrestrained fiber
membranes having a seaweed-like movement so as to self-clean the surfaces of the hollow

fiber membranes.




at | east one fiber bundle, wherein each fiber bundle conprises a plurality
of hollow fiber nmenbranes with first ends and second ends; wherein the
first ends of the hollow fiber nenbranes are open and potted together,
t hereby the perneates fromthe interi )1 of the hollow fiber menbranes pass
t hrough the open ends; and wherein the'second ends of the hollow fiber

menbranes are cl osed by a seal er and di sposed within the suspension |iquid
hol di ng 1deandhediolkaw fibgr inesmbrane |fdggtiomnestpar palaim ol WeareinothenBaids f or
col l ecti e romthe interior of the hollow fiber nenbranes;
wher ei ncpﬁlen afcaﬁé%%%@%sﬂcéod ég?rséat es collection neans has neans for allow ng
the perneat eat ldasf bisiperssicieinlanfdr Wie swpendidie lighidl ©asd infldGucdd ey theundl e

i s disposed seal edly between the suspension |iquid holding neans and the at
| east ohdiraionghamber; @l | ection nmeans so that there is no Iiquid

conmuni cati o ] | &l h td r

proper filt rg% %%%t\;,\@l%%&g}?‘r%%g%t to“ﬁ%%ﬁ%g%?%gs {[i?l %ee?e\?mh(%‘%aaﬁ%ﬁ l}%ﬁ?@%}k@f

fl ushi nghdmbes for introducing the suspension liquid into the suspension
i quid hol ding nmeans to cause the unrestrained fiber nenbranes having a
seaweed-| i ke novenent so as to self-clean the surfaces of the hollow fiber
membr angsg. 14}}1@% IIJ\Q%HQPHG%rJﬂe%fraWS%?OE élLlitrﬁ "llﬁ,' réi}ﬁltléaﬂalﬁjw ﬁbéj m 12,
wherein the f UI8 comruni cat1 on nmeans “conpri ses: at |east one suspension

i nl et forenbrene isspehgione size dfoord @02 Rwmy Gidenc ddnietdrd). 22enm fant tpoadsityn
chanber; and | east e discharge outlet for the retentates to be renoved
fromt h@eWeFFSQ%Q?ﬁ%O%Q%ﬁ%Pmei4. The hol | ow fiber nenbrane filtration
system of claim 12, wherein the hollow fiber nenbrane is with pore size
fromO0.002 to 2um fiber dianeter 0.2-2nm and porosity between 50% and 90%
by vol ude. 18heThHowdlbeomefribane fHtratorasysten bf claim &2, whyestinthokholvaliherl 2,
wherein theo hol | ow@(li%er menbhan 1i S 1made ffo var i gﬁjs fl exi bl.e[. olymers
sel ect ol FIRTY Ko BRE R NPHBIeHO I RER lekire Hun dhs iup cmsitisbiey

cel | ul opelyviasiiasé Yiuerité (PVOF) Pl o0 p¥Eukieagir{I®SPAN), polysulfone (PS),

polyethersulfone (PES), polypropylene (PP), polyvinyl chloride(PVC), polyamides and

polyimides.

16.  The hollow fiber membrane filtration system of claim 12, wherein the first ends of
the hollow fiber membranes are potted by materials selected from the group consisting of

epoxy, polyurethane, polyester.

17.  The hollow fiber membrane filtration system of claim 12, wherein the fiber bundles
are sealed from the suspension liquid holding means and the permeates collection means
by materials selected from the group consisting of epoxy, polyurethane, polyester, PAN,
PVDF, PP, PVC, PS, PES, Cellulose, polyamides and polyimides.

18.  The hollow fiber membrane filtration system of claim 12, wherein the flushing pipe
is made of materials selected from the group consisting of ABS, PVC, PMMA, polyester,

polycarbonate, PP, copper, steel, aluminum and stainless steel.

19.  The hollow fiber membrane filtration system of claim 12, wherein the at least one

flushing pipe is merged with the suspension inlet at one end.




pol yet her sul fone (PES), polypropylene (PP), polyvinyl chloride(PVC,

pol yam des and - polyimdes. 16. The hollow fi ber nenbrane filtration system
of claim 12, wherein the first ends of the hollow fiber nmenbranes are
potted by materials selected fromthe, group consisting of epoxy,

pol yur et hane, - pol yester. 17. The hollaglfiber menbrane filtration system of
claim 12, wherein the fiber bundles are sealed fromthe suspension liquid
hol di ng means and the perneates collection nmeans by naterials selected

oM O SO G Pl BV 35, L Sl b R0

fiber rr&mahi@gcpiﬁeiih&é@tdtwﬁsmsh@msﬁénsedrﬂhm.lz, wherein the flushing pipe is
made of materials selected fromthe group consisting of ABS, PVC, PMVA

pol yester, polycarbonate, PP, copper, steel, alum num and stainless steel.
19. The hollow fiber nenbrane filtration systemof claim 12, wherein the at
| east one flushing pipe is nerged wwth the suspension inlet at one end. 15
20. The holl aqw fi ber nmenbrane filtration systemof claim 12, wherein the at
| east one flushing pipe is separated fromthe suspension inlet.




