| NTEGRATED PERVEATE CHANNEL MEMBRANE Fi el d of the invention [0001] The
present invention is related to a novel nenbrane containing an integrated
per meat e wbanewalis4eparti cul arly useful for nmenbrane techmoir@myodsmoe2y. wat er
filtration and wastewater purification. State of the art [0002] Menbrane

bi oreactors (MBRs) have been a popul ar supject in the water-world during
the past years. Until now research has covered the applicability of MBRs at
wast ewat er treatnment plants as well as concentrated flows fromindustri al
production processes, the treatnent of percolate water from waste di sposal
sites and the dewatering of sludge. In sequence to the success of nenbrane
bi oreactors for wastewater applications, a study was perfornmed on the

subj ect of applying MBR concepts in the drinking water production process.

[ 0003] MBRs in wastewater applications consist of a conbination of

bi ol ogical treatnent in a reactor and physical treatnent by a nenbrane
filtration step. By introducing nmenbrane filtration instead of a settling
process, high sludge |oads can be maintained in the reactor, which
(theoretically) lead to high biological degradation rates with a | ow sl udge
production. Sludge concepihakhaap SerMEnTel cHaln@ie ibiagaed in literature
on MBRs. The hi gh efficrency—ot—theTprocess wourd make Ttpossible to
process highly concentrated flows and to design systens with a snall

footprint. In practjce however, the footprint is only reduced by the
smal | er are 4§ﬂ¥%dgﬁbﬁﬂﬂﬁﬁﬁﬁ§ﬂbrane filtration due to a nmaxi nal

mai nt ai ngpl e[po01] The present invention is related to a novel

membrane containing an integrated permeate channel,
particularly useful for membrane technology in e.g. water

filtration and wastewater purification.

15 State of the art

[0002] Membrane bioreactors (MBRs) have been a
popular subject in the water-world during the past years.
Until now research has covered the applicability of MBRs at
wastewater treatment plants as well as concentrated flows
20 from industrial production processes, the treatment of
percolate‘ water from waste disposal sites and the
dewatering of sludge. In sequence to the success of
membrane bioreactors for wastewater applications, a study
was performed on the subject of applying MBR concepts in
25 the drinking water production process.
[0003] MBRs in wastewater applications consist of a
combination of biological treatment in a reactor and
physical treatment by a membrane filtration step. By
introducing membrane filtration instead of a settling
30 process, high sludge loads can be maintained in the
reactor, which (theoretically) lead to high biological
degradation rates with a low sludge production. Sludge
concentrations of 15-20 g/l are mentioned in literature on

MBRs. The high efficiency of the process would make it



sl udge concentration of 8-12 g/1 . In addition higher sludge production
rates have been registered than in conventional settlenent systens. [0004]
JP200121MB&oaeEs+6ilbes an i mersion type nenbrane cartr ipdg@Eaond/opeiaduct i on
met hod therefore. In this application, an i mersion type nenbrane cartridge
i s manufactured, wherein the nenbranes arg welded to the inside margin of
the filter cartridge. [0005] JP2003135939 and JP2003144869 descri be a

separati on nenbr and nanuf act riﬁ nmet hod _t{ he e&o% . The _se ar%;ion
monbr ane |'s HARGPALE UF Sdb by F or g L Ke BarGUS FESTn ILRYEr BR Che 56 Pake
of the por oug}{gaéﬁsrmmw ad eRENISeth&ipAIOr 9aAl @ddditice Mpaeted] the

resinis infiltrated into at |least the surface |ayer part of the porous
base mat eri afoPePTéRn 4ScoRpysinesucare P e t $re2 pb2Buldrbas et spfalf cat

| east in the rf r 6] 5.The .ai m_of pa I

devel op a ne%%%aﬁ@gﬁf%%%ﬁigﬁéag%%%gggrﬁ%ggif?%y?’ig%%ﬁ?%% C ggé?ﬁé%ﬁ%ﬁ§|y
occurs ang theudyei pphagnofathenpofoasipegyh.| aypendtiioiva piybes basege
material is prevented. [0007] In JP201321645, a nilter menbrane el enent is
presented. TRECHHFEEPRelBRERt PRYS PSFAD T R col PRt Pof OP¥REE! &P Prg

both surfaceg.pfi1thensupporimpl ate on a portion of the support plate; and a
gap for water collection is arranged in the direction of a takeout port of
t he perneat e@00@tkr and i S7R20 Qb3 Tat PeACHILPRSt &t akEWDeTr pbPR ot vPke

pe et o0 gt 10000L. U0 03071408 (essipeg,"nalila (HLLLOLEY BoULes

10 application, an immersion type membrane cartridge is
manufactured, wherein the membranes are welded to the
inside margin of the filter cartridge.

[0005] JP2003135939 and JP2003144869 describe a
separation membrane and manufacturing method therefore. The

15 geparation membrane is manufactured by forming the porous
resin layer on the surface of the porous base material
composed of an organic fiber. A part of the resin is .
infiltrated into at least the surface layer part of the
porous base material to form a composite layer with the

20 porous base material at least in the surface layer part.
[o006] The aim of these patents is to develop a
membrane with high water permeability, in which clogging
hardly occurs and the stripping of the porous resin layer
from a porous base material is prevented.

25 [0007] In JP201321645, a filter membrane element is
presented. The filter element has a gap for water
collection penetrating both surfaces of the support plate
on a portion of the support plate; and a gap for water
collection is arranged in the direction of a takeout port

30 of the permeated water and is in communication with the
takeout port of the permeated water
[0008] WO 03037489 describes a plate filtration
module, said module comprising a plurality of “filter

membrane pockets” having at least one opening for draining



menbr ane pockets"” having at | east one opening for drainingthe inner region
of the sane. Said pockets are vertically arranged in a rigid supporting

el enent iwoaoanadsiel manner, preferably at the sane di stamreodsroemmeach
other, in such a way that the adjacent filter nmenbrane pockets can
intensively crossed by liquid. The filtragion module is characterized in
that the filter nmenbrane pockets are essentially flat and flexible and are

fixed to the supporting el.enent_on opposite si.des ai d supporti el enent
conpri si ng a?h?gg§966n e@&é%hé?ﬁoﬂh?ﬁgémﬁorS@&%@Gﬁ??&@F?hﬁggiﬁﬁ?gqﬁﬁhiw is
sucked out via-the.filier JMenbrane RARRIE Ry RA anddexiibl ea | bgubdiel

pernmeabl e core and a plurality of |iquid permeable core elenents. [0009]
JP11244672 deseneébespaefenabhendE anbeebenendigheneenfsem paghpaktisrar én

formed by tightly adheri h eri phe - glpal ' h op
end and bothg??ﬁhﬁ gﬁﬁ’l€$?£e%6% t?éi%é§ﬂ%g?%%%§ ipﬁggﬁguéig§§?$%2%rgﬁkflat
pl anar nesbr aneeHoively asrodiargl f bym 1 ineidne Thiedef al trheionsealdde is

peri pheral edge of the flat, planar nenbrane installed with the nenbrane

suppor ting nehBERCESrSEpRr pHsed-1RF atdtt 15 16 | MMEGHREE oROCHE Sur PaCe on
both sides Oésggﬁn%ygﬁfg} paiLeof Jhhe maIbLaNe SURRPTtiNg "Bbes apd i she

wel ded to the nenbrane supporting nmenber to support the flat planar
menbr ane . Tiepbeadsng argeéeméntt hent hopkaesset handehe neabdansupppporinibng

menber are foined at bot h _ends of %he nenanQ%u§up,Qrtaggiqgnbfgh Bo%h of
the heads ar®lPPovtded°WPFASABIZI 85 wHiE tar €15 CORPUATEaT on  W'Eh thE

fl ow pasgagesvabusbengerbeans suRpowhisy ARMaicied atne uwsed tiget aketout
the pernmeate . [0010] The nenbrane plates (filter pockets, bag from
membrane pockets having a flexible, liquid permeable core
and a plurality of liguid permeable core elements.
[0009] JP11244672 describes a flat membrane element
wherein sealing parts are formed by tightly adhering the
15 peripheral marginal three sides at the top end and both
right and left ends thereof to constitute a quadrilateral
flat planar membrane formed as a bag form. The one side at
the unsealed peripheral edge of the flat planar membrane
installed with the membrane supporting member is superposed
20 by about 1.5 cm in height on the surface on both sides of
the upper part of the membrane supporting member and is
welded to the membrane supporting member to support the
flat planar membrane. The heads larger in the thickness
than the membrane supporting member are formed at both ends
25 of the membrane supporting member. Both of the heads are
provided with nozzles which are in communication with the

flow passages of the membrane supporting member and are

used to take out the permeate.

30 [0010] The membrane plates (filter pockets, bag from
quadrilateral flat planar membrane) of the prior art are
formed by bringing together the separate constituents (two

membranes, spacer and support). The two membranes are



gquadrilateral flat planar nenbrane) of the prior art are fornmed by bringing
together the separate constituents (two nmenbranes, spacer and support)

The two mwotwenasscar epl aced with their nenbrane support CipERReis®do2o each
ot her, and a spacer placed in between themfor creating a gap. The weak

poi nts of these concepts are: Construction of perneate channel with the
separate constituents. A lot of operational steps for construction (gluing,

sticking, welding), conpromi sing to a | arge extent..the nodyl e integri.t

(1 eaks) and ELes o inh SeYiimebe s bmsthie 15 SHE it B Lo
(detachment, os$idr iaPRicAG: e ﬁﬂﬁ%e@iemr #eeen tERAM FdronledioR} eMgap .

i npossibility of back-washing the nenbranes, due to poor adhesion of the

menbr anes t o Thigeweakupedits. JfoFhepsessionglenksuRdeNF/ RO t echnol ogy consi sts
of retrof ittable,standardized menbrane nodul e el enents.(8-inch di anpter,
40 to 60 inches |ong AT Ch” ar @ pPacgg in stan&}ir i zed pressure v S56t's
(8-inch disaneter w tdohengtlenod. upat 01240 idEh bpegartioch8012ktERik t o
production of such spiral -wound nenbrane podules, normally a plurality of
i ndependent envel opecQPFKEUFeHDR anes (FWMbLREnbr aneS et N Dut t o IEMGN t h

their backside with £n5PaseL n.-pet ween) cane WoilRg 1ar ound. 44y
out er peri pheral sur(fa%@gfo % centra pe]rfgreate t ube. '?hree of '(tahe fggltl}sly
edges of the nmenbranélemve] oped attes gteed, ptheefourth one is connected with

the central perneate collector. So, in production e per e wat er nmakes
a spiral novenent "f rMREFECBUt STde ‘B‘Fm}t’ﬁﬁne £ON HhE PLIERS support

10 (detachment, stripping of the membrane!) .
= Operational problem: impossibility of back-washing
the membranes, due to poor adhesion of the

membranes to their support.

15 [0011] Spiral wound NF/RO technology consists of
retrofittable standardized membrane module elements (8-inch
diameter, 40 to 60 inches 1long) which are placed in
standardized pressure vessels (8-inch diameter with lengths
of up to 240 inch long) .

20 [0012] For the production of such spiral-wound
membrane modules, normally a plurality of independent
envelope-like membranes (two membrane leafs put together
with their backside with a permeate spacer in between) are
wound around the outer peripheral surface of a central

25 permeate tube. Three of the four edges of the membrane
envelope are glued, the fourth one is connected with the
central permeate collector. So, in production the permeate
water makes a spiral movement from the outside of the
membrane module towards the central permeate tube.

30 [0013] In between the windings of membrane envelopes
normally one puts a feedwater spacer. The thickness of the
feedwater spacer determines the distance between the
membrane-envelopes. During operation (filtration) the

feedwater is fed on top of the spiral module and can enter



menbr ane nodul e towards the central pernmeate tube. [0013] In between the
wi ndi ngs of nenbrane envel opes normal ly one puts a feedwater spacer. The
t hi cknesswofoednasfeeedwat er spacer determ nes the di st aneeTBERusenomhe

menbrane -envelope s . During operation (filtration) the feedwater is fed
on top of the spiral nodule and can enterghe nmenbrane nodul e by the feed
spacer. In this way part of the feed water longitudinally flows over the

spiral wound pe nbr ane el enent d i.s thereafter discharged froma
concentrate E%%eweggfﬁﬁ? T8§Hi? EXp%EFdE?ed_ﬁﬁgﬁﬁﬁrlgnt% lﬁa%ﬁprFFtofﬁihe
feedwat er ischramgker ned d:nt popgl PEa Ba g iF3ohRl Ieedediidd Epereentiing
pernmeate tube. This is the normal way of operation in Reverse Osnobsis and

Nanof iltratEppe. meobranercrl anarder i@ fHe thsinesfbasnbibpehaesemhofogy 2
useful for m,cro- an |.traf] at (UF) _oper.ation i al
menbr ane shoﬁ?ﬁgﬁgégg% -V&%élébggtééévééggﬁﬁI%?ét%%%%ﬂfo %%g%.ﬁgigotpghnve
t he deposkt eflaparphetesfovhtopeeliwhbermpbranasset-frade inbor ipegmeitdF and
operation (filtration) it will work npost of the time quite simlar to_the

operation i n*RF,CHEGAd t RE cOifti MFSadonkeRTFaLe di'fhar §81i 11S béhe
drai ned perlﬂgmgil Y.wdPi s Sl heparformed £. grafdale €aRm3Rito 6@ng
m nutes by a backwash, Wi th part 'of the perneate produced during operation
and this typNeabfylwrehig@nto 10 % of the produced volune. To have an
efficient cake renoval, this backwash is perforned at a flux rate being at
| east three tinmes higher than the flux rate during operation. [0015] For
this purposejaobarkwashabl eosi eepaktiagi tthicatdmiraenbeabeans neededloble
standard fl at-sheet . _ '
useful for micro- (MF) and ultrafiltration (UF) operation
the spiral membrane should be back-washable (reverse
filtration) to be able to remove the deposited particles on
top of the membrane surface. During MF/UF operation
15 (filtration) it will work most of the time quite similar to
the operation in NF, but yet the continuous concentrate
discharge will be drained periodically. This will be
performed e.g. after each 30 to 60 minutes by a backwash,
with part of the permeate produced during operation and
20 this typically with 2 to 10 % of the produced volume. To
have an efficient cake removal, this backwash is performed
at a flux rate being at least three times higher than the
flux rate during operation.
[0015] For this ©purpose a Dbackwashable micro-
25 ultrafiltration membrane is needed. The standard flat-sheet
MF/UF membranes are composed of a polymeric membrane cast
onto a non-woven type support. These membranes are attached
to the support due to physical entrapment/incorporation
into the support. This incorporation accounts often for 30%
30 of the thickness of the support structure. Such membranes
however are not suitable for backwashing since the adhesion
of the membrane to the support is rather poor. Some

manufacturers (e.g. Trisep/ Nitto Denko) have developed

back-washable wvariants. In these cases the membranes are



M/ UF menbr anes are conposed of a polyneric nenbrane cast onto a non-woven
type support. These nenbranes are attached to the support due to physical
ent rapmenwOizo@anpwiat i on i nto the support. This incorpoPariBI@E®o@2ant s
often for 30% of the thickness of the support structure. Such nmenbranes
however are not suitable for backwashing gince the adhesion of the menbrane
to the support is rather poor. Sone nanufacturers (e g. Trisep/ Ntto

Denko) have deveh F CE shabl vari ants. se _cases the nenbranes
ar econpl et el §OFPIF ﬁgyug h&SubBo Pes§PQ€PﬁFeSthF Yricr easEs e SAdTEsi on

of the nenmbrape LantBecsuRFOrhaANEMSRIRS St ttRackusgbabl 8nHO raneekaiin
extent . [0016] However, even with this change the adhesion of the nenbrane

to the suppob@ckwéﬁhpbéﬁ sprengelhtaie ekaemedd to be 3 fold higher as

conpared to UF menby, he [ I bl yring
backwashi ng i ﬁsHY?rII Ilnlte %e% vgg%é' bggﬁg 6%19E Ep§%§2§§§e
JP200325158540f JRR002080%3he, tHbosdrasesuppspir af Wﬁungeéypeamﬁﬂﬁmameare

el enent and net hods of running and washing it. W0078436 di scl oses a %Plral
wound nenbr afié2ireer P ofsel énehel @aﬁéﬂﬂkée“bf Iei AHTBAERFI usheEOTEILSPFU

5,275,725 di 5ghgsgsea thrrh%e | AYeImlhatl ;TBERLANE SURRR(L:-RAVI fipan ghpner

| ayer whereon non-woven fabric conprising surface | ayers are glued wt
adhesi ve or heakwhgbidg Os saidlsuifatedl apersyadumeniir anbairs applied mnth
a two-sided coating foll owed by phase inversion. [0019] All these

di scl osures show the followi ng problens : Peel strength of the nmenbranes
(l'imtedidMPropon] back EP1022052, JP2003251154, JP2002095931,

discloses a spiral wound type membrane element and methods
of running and washing it. WO0078436 discloses a spiral
wound membrane filtration element capable of being back-
flushed.

15 [0018] US 5,275,725 discloses a three layer flat
membrane support having an inner layer whereon non-woven
fabric comprising surface layers are glued with an adhesive
or heat fused. On said surface layers, a membrane is
applied with a two-sided coating followed by phase

20 inversion.

[0019] All these disclosures show the following

problems:

e Peel strength of the membranes (limited TMP upon back
25 washing)

e Laborous module manufacture

e Poor particle expulsion power in 6 m pressure vessel

(necessity for by-pass spacer)

30 Aims of the invention

[0020] The present invention aims to provide a novel
membrane with an integrated permeate channel useable in

different membrane applications such as Microfiltration,



washi ng) Laborous nodul e manufacture Poor particle expul sion power in 6 m
pressure vessel (necessity for by-pass spacer) Ains o f the invention

[ 0020] Thwopn@wasicli nvention ains to provide a novel neroTAE20080000122N

i ntegrated perneate channel useable in different nenbrane applications such
as Mcrof iltration, Utrafiltration, MRsy Pervaporation, Menbrane
distillation, Supported Liquid Menbranes, Pertraction, which can be

backwashed efficiently and thus is able to withstand hjgh pressure and
enabl e | ongt @k dpeltatd oW t hout MPRE need f%ﬁr‘f&i%iﬁe’%ﬂ‘%é'l eani nYS™PRE Rovel
menbrane shoyl & & 0 hen ecoapheat by | nliefAst | NgemSHIMBE Y Obet-heal-pYeRt i on
[ 0021] The present 1 nvention concerns an integral perneate channel

menbr ane, conpidlsi ngna Iper reakeashednet £ Tioriststingaot &8 spaceabiabkpc
havi ng an upper. and lower fabric surface, tied.together and spaced.apart
by nonofi | aﬁ%tfh;%?réﬁidshjggha BF 89RY T Red™df st GHE }esaf?anﬁé?ﬁgatg %ﬁ%nﬁgﬁ
bei ng i nter ppsegbbet yeenntwa FeRbrareleaers.eatigicel Misai doveDbnanBrhayger s
are linked at a nultitude of points wth said upper and | ower fabric
surfaces. Thehdubtialsurbacesonrdl ¢hkl oheteTafehtS:- of the 3D spacer fabric
are preferably linked by |oops in the nonofilanent threads. Preferably,
said | oops are enbedded in said nenbrane | ayers. Preferably, the fabric

surfaces areswfmarknof tigdde iwvemtidonnon-woven type. The di stance between

the upper ang, | opr Tabri G,5ur Lace el eL.30LY; Lh e HRIUES 4 20fed0ai™

10 permeate channel membrane, comprising a permeate channel
consisting of a 3D spacer fabric having an upper and a
lower fabric surface, tied together and spaced apart by
monofilament threads at a predefined distance, gsaid
permeate channel being interposed between two wmembrane

15 layers, wherein said membrane layers are linked at a
multitude of points with said upper and lower fabric
surfaces. The fabric surfaces and the monofilaments of the
3D spacer fabric are preferably linked by loops in the
monofilament threads. Preferably, said loops are embedded

20 in said membrane layers. Preferably, the fabric surfaces
are of a knitted, woven or non-woven type. The distance
between the upper and lower fabric surface preferably lies
between 0,5 and 10 mm.

[0022] The 3D spacer preferably comprises a material

25 gselected from the group consisting of polyester, nylon,
polyamide, polyphenylene sulphide, polyethylene and
polypropylene. The membrane layer preferably comprises a
hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO ,TiOjp,

30 HfOy, Aly03, ZrOpy, Zr3(POg)g, Y303, SiOy, perovskite oxide
materials, SiC; and an organic binder material selected

from the group consisting of PVC, C-PVC, PSEf, PESU, PPS,
PU, PVDF, PI, PAN, and their grafted variants.



[ 0022] The 3D spacer preferably conprises a material selected fromthe
group consisting of polyester, nylon, polyam de, polyphenyl ene sul phide,

pol yet hylwoeo@ndsqsol ypr opyl ene. The nenbrane | ayer pref ecaldrzosonpry ses a
hydrophilic filler material selected fromthe group consisting of HPC, CMC
PVP, PVPP, PVA, PVAc, PEO ,Ti®2 , HFO, Agl2 q3 , 2ZrO2 , Zr3(PO4.)4, Y2 g3
, SI2 , perovskite oxide materials, SiC, and an organic binder materi al
selected fromthe group consistin f PYC, CPVC,.PSf, PESU, .PPS, PU, _PVDF,
i, PAN, andlPhest “graltedbart aRRE CPOOSSE IRIECBAPErEul ar dodPReRETLr

the present ipyentign, said membrane is phanar. The nenbrane prefrerabily
further conprises a sealant at the perineter of the planar nenbrane

arranged to Puesveat dompristbuid sealementats ridie opexbneher pef nehite PéRaRFe

wi t hout passing, t hrough_a_nenbrane | L, & ! / o]

connecti on (@?gPﬁa??ugﬁr88ﬁﬁ cFFbﬁnﬁS%%ltﬁgﬂgﬁggé% éﬁéhgﬁﬁéﬁ%ngrg%Pgegrét
| east onesedge eRet herpebicaeiceiandl024] nat heds ehdpdi neotghf at henpresent
i nvention consists in a nmenbrane bioreactor nodul e conprising an array .of

pl anar nenbr hA¥STof aE [FreséRLStAPBRLEEN. PPBB25TOMEANGIRES) part i EditdA

enbodi ment o ent . {,nvgat | Ld nesi Lhakky 1wauRd saeound
a central pe%%%ggggéﬁgewgtFoggg]b%%@?%g% g%%gg%%éngk§¥§gﬁg %resen% °

invention coedystsninha pprimbteenbrane nodule, conprising a cylindrically
chaped ContT ShaBgl oot bGP LBLARAIR! Adan Lpei ] VTR gt
per neat ejghapBgligfssaigl nenbeaResnes biotéstdogonmedil®on sunigridieg an
array of planar membranes of the present invention.
[0025] In another particular embodiment of the
present invention, said membrane is spirally wound around a
central permeate tube.

15 [0026] Another embodiment of the present invention
congists in a spiral membrane module, comprising a
cylindrically shaped central permeate tube comprising a
wall and an inner lumen defined by said wall, and a
multitude of spirally wound membranes, wherein the permeate

20 channel of said membranes is in fluid connection with the
inner lumen of said central permeate tube and said
membranes are spirally wound around said central permeate
tube. The spiral membrane module preferably further
comprises feed spacers interposed between said membranes.

25 The feed spacer advantageously comprises a planar foil and
continuous ribs positioned at both sides of the foil.
Further, in a preferred embodiment of the present
invention, the spiral membrane module comprises a feed
spacer is a by-pass spacer comprising a feed by-pass. The

30 by-pass spacer preferably comprises a planar foil and
continuous ribs positioned in a longitudinal direction at
both sides of the foil, and wherein the foil comprises a
feed by-pass arranged to allow movement of fluids in the

longitudinal direction.



inner lunmen of said central perneate tube and said nenbranes are spirally
wound around said central perneate tube. The spiral nmenbrane nodul e

pr ef er ablwofedhisteiconpri ses feed spacers interposed beragdE2605000127
menbranes. The feed spacer advantageously conprises a planar foil and
continuous ribs positioned at both sides @f the foil. Further, in a
preferred enbodi nent of the present i nvention, the spiral nenbrane nodul e

conprises a f pacer y-pass spac nprisin feed b ass. The
by- pass spaeesgg@f erably %@ﬁer%‘%&raa}q aitar %?‘Si |Pﬁﬁagf&§nttfh\ﬁ es/ C? Fpgan
positioned I?refégagtyumlr@ts@aﬂ&cel %b@fzw@é’rﬁhp&le@%%&f bhe ol Leadnd 10
wherein the foil conprises a feed by-pass arranged to all ow novenent of

fluids in theakengitudinal direction.[0027] The nmenbrane of the present

nventi on cagosgierabl y vilhshand a Backvasly prassur g.0foAt | a8l har

[ 0028] Anot her aspect of e present rnvention concer a neth

provi di ngsa tehegratedapenstade channegbraeidiane,a camrdgraigd heeateps of
Providing a 3D spacer fabric conprising an_upper and | ower surface fabric
spaced apart CB§RBhoMEMRHBRE - tﬁP@EHlﬁtlng bREJEFPREd Odi'st ance, and Appl yi ng

a menbrane | ay al d up and said r, surface bri 29] Th
step of applyi %r%‘ﬁldgnrﬁmrgaggﬁl afarcse%prg g\r/ng bl yéjocn]i nrg]iss 1‘3‘(%l Li[l:%g T n

with a dope and@eaguwatiore ofalsadd sdopestioapart bymeshodid amayer ﬂhxrai{eeﬂ at
a nmultitude of p0| nts with said upper and Iovver fabric surface. The dope
advant ageous| y &orfpraxgsigfined distance, and

10 e Applying a membrane layer to said upper and said lower
surface fabric.
[0029] The step of applying the membrane layers
preferably consists of a coating step with a dope and
coagulation of said dope to form a membrane layer linked at
15 a multitude of points with said upper and lower fabric
surface. The dope advantageously comprises:
¢ a hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO, TiOjp,
HfO5, Al503, Zr0y, Zr3(POg)4, Y03, 8SiOy, perovskite
20 oxide materials and SiC;
¢ an organic binder material selected from the group
consisting of PVC, C-PVC, PSf, PES, PPS, PU, PVDF, PI,
PAN and their grafted wvariants; and
e a sgolvent selected from the group consisting of NMP,
25 DMF, DMSO or DMAc or a mixture thereof.
[0030] Another aspect of the present invention
concerns the use of a membrane or membrane module according
to the present invention for water filtration and/or
wastewater purification.
30

Short description of the drawings

[0031] Fig. 1 represents a side view of a 3D spacer

fabric.



a hydrophilic filler material selected fromthe group consisting of HPC
CMC, PVP, PVPP, PVA 7 PVAc, PEO TIi®2 , HO2 , Al23 , 2ZrO2 , Zr3 (PX 4
, Y2 OB ,wEi20®/0154ser ovskite oxide materials and Si C, amrcomyaonismowiznder
material selected fromthe group consisting of PVC, C PVC, PSf, PES, PPS,
PU, PVDF, PI, PAN and their grafted varigys; and a solvent selected from
the group consisting of NMP, DVF, DVSO or DMAc or a m xture thereof. [0030]
Anot her aspe @ gé t he present igvention concerns the use of a nen?ran or
merbr ane nodbP®34tcordi ng 69t hé pFBEEREZAVEN Bh FHrE T eF ¢V 1 PFafi o
and/ or wast ewgtetrpeLhtigation. Short description o f the draw ngs [0031]
Fig. 1 represents a side view of a 3D spacer fabric .[0032] Fig. 2
represents al®®p3burface Vit of3 a SPwpacer dadtriilc. J003BE FcgnnBcshions a

detail of the connection b n per._and | . nonof i | ament s.
[0034] Fig. e‘g Ve %p%%sglt?@gg?‘f"gga?u% 8\%e( %ﬁﬁf“ﬁ%?&?é@e%%n | PC- MBR
nenbrane sccpoo3ay to the prtgsent ighwanti en wirdzs=-weorEiedne viiayer S SEM

applied by coating and phase-inversion process. [0035] Fig. 5 depicts a
cross- sect i opaFtyFe @%i?%aFPEhMPBQNﬁﬂﬁr%ﬁeaﬂchﬁghﬁﬁ frehb Bfe PSS ng

to the presenf investi Qa W tdhd WRefBrbrane layers aladeci?%cs%e%hggaﬁad

phase-i nversi on process (sanme nenbrane as represented in . [0036]
Fig. 6 schenphasaliyverpiesentscanast PC
[0035] Fig. 5 depicts a crogs-sectional view

10 (optical photograph) of an IPC-MBR membrane according to
the present invention with two membrane layers applied by
coating and phase-inversion process (same membrane as

represented in fig. 4).

[0036] Fig. 6 schematically represents an IPC

15 membrane according to the present invention.

[0037] Fig. 7 schematically represents an IPC

membrane plate according to the present invention.

[0038] Fig. 8 depicts a schematic representation of

a crosg-gection of a special feed spacer. .

20 [0039] Fig. 9 draws a schematic representation of a
cross-section of a special feed spacer with bypasses.
[0040] Fig. 10 depicts a schematic representation of
4 gpiral IPC membrane modules in a 240 inch long pressure

vessel upon back-washing.

25 [0041] Fig. 11 shows an overview picture of the
cross-gsection of a spiral membrane module.

[0042] Fig. 12 shows a detail along line A-A’ of a

spiral membrane.

30 Detailed description of the invention

[0043] In the present invention, a novel membrane is
presented comprising a permeate channel. This is made
possible by the inclusion of a 3D spacer fabric between two

membrane layers.



menbr ane according to the present invention. [0037] Fig. 7 schematically
represents an | PC nenbrane plate according to the present invention. [003 8
] Fig. 8 wepiarasaischenmatic representati on of a cross- ETHmIS®DORAT Speci al
feed spacer. [0039] Fig. 9 draws a schematic representation of a
cross-section of a special feed spacer wi gh bypasses. [0040] Fig. 10
depicts a schematic representation of 4 spiral | PC nenbrane nodules in a

240 inch | on nessure vessel. _upan,back- hing. 041] ,,Fig. .11 shaws an
OVEFViEM/piCﬁS@é%af t he cr?gé?seg FgﬁrgFégﬁsﬁgggﬁkgﬁhbfjﬁ‘ ul B
Fig. 12 showsI@cdeicaidraalegng basecdt Ay oboapshidedl nembraneo Dedwi bpthg
description of the invention [0043] In the present invention, a novel
menbrane i s PrESEATEEESprising a permeate channel . This is made possible

by the inclusion Qf-ga%%l§§%§§%|f%@%%?gﬁéﬂ%fen two nenbrane | ayers.[0044]

This I ntegrated Perne PC- menbrane) basically

conpri ses st he twos=f ofdowhargbeonstidywenss : A 3D spacer fabric, and Two
menbrane | ayers %0045] The 3D spacer fabric is.preferabl£ made by a
knitting oper@0f3A (e. §RChy33-ReRerEl IaR11¢ ndg SrabrEAeyrablyhemapacepyt abric

is conposed @f,;twq surface.fahrics (2, ) 5 (ki : ; -waven
type of fabri c)l at n?(L)Introl I%]Ea)% glés ance, \%hilﬁcﬁ]stéakfé;l t%ﬁ%g}?égét %hﬁ{?'
hundr eds of Speacepacemofiebarentist koeadsed) gfertwequarrdEaca fabrics (2, 3)

(knitted, woven or non-woven type of fabric) at
10 controllable distance, which are tied together with
hundreds of spacer monofilament thread (4) per square cm.
An example of such a 3D spacer fabric is shown in figure 1,
2 and 3. The connection between the two fabric surfaces 2
and 3 is made by loops 5 in the spacer monofilament threads
15 4. The distance between the two surface fabric layers (2,3) -
is determined by the length of the spacer monofilament
threads (4) between the loops (5) and may be varied from
0.5 to 10 wmm. The structure of the preferred surface
fabrics is shown in figure 2.
20
[0046] The most preferable IPC-membrane is made by
the coating process. The IPC membrane is formed in-situ by
a simultaneous coating of both surfaces (upper and lower, 2
and 3) of the knitted spacer fabric with membrane dope. The
25 membrane is subsequently formed by the phase inversion
process (coagulation in non-solvent). The membrane dope may
contain any type of polymer binder (natural polymer from
the non-limiting series: PVC, C-PVC, PSf, PESU, PPS, PU,
PVDF, PI, PAN, and their grafted variants (sulphonated,
30 acrylated, aminated ..), an aprotic solvent e.g. DMF, DMSO,
DMAc or NMP, and filler material (polymeric like: HPC, CMC,
PVP, PVPP, PVA, PVAc, PEO and/or inorganic like: TiO,,

HfOp, Alg03, ZrOy, Zr3(PO4)g4, Y503, Si0Oy, perovskite oxide



An exanpl e of such a 3D spacer fabric is showm in figure 1 , 2 and 3 . The
connection between the two fabric surfaces 2 and 3 is made by loops 5 in
t he spacewormevafisdeanent threads 4 . The di stance bet weerCtriBE2008m06127 f ace
fabric layers (2,3) is determned by the I ength of the spacer nonofil ament
threads (4) between the loops (5) and may,pe varied from0.5 to 10 nm The
structure of the preferred surface fabrics is shown in figure 2 . [0046]

The nost preferabl e | PCnenbrane i s made by the coating Erocess. The | PC
menbrane i s PRFREHSL A+ sPLT) by RN SHeGIE CBEY i Rg BFC66t NoBaHFapbgse

(upper _and | opgfer2@3Rdu3 Joofcdhe kpbbhed skRacer, fabricxvhids merbrane
dope. The nenbrane is subsequently forned by the phase inversion process

(coagul at i onwibhnohesveveheled Fheorbabrah¥etddpe may contain any type of

pol ymer bi nd tur o] ro n-1ipiiipg ries: PVC, C PVC,
PSf, PESU 7 E@%@gu, g%/ﬁig— é%%;%%‘%N, %%gg?%‘g??hg%%#gdcégrkgms

(sul phonased, acryéat@shcam ngdiethic . . prepanagpont i gceplveapaees. BibriVSO
DMAc or NWP, and filler material (polynmeric |ike: HPC, CMC, . PVP, PVPP, PVA,
PVAC, PEO and/or i nor fameted ke WOFeD 20T R/ WOYerh awingias: 2pacepo |

2 ®8, s, perOVSé%lei@X'g%a%gr 18]35 PO i calNe it P ¥84t o Ee?e
wat er vapour phase (water vapour or cold steanm) , water, or mxtures o
water with the nmenti ofsdriapr otsiperesolivignt sto[ 00d7¢vEnt exanipl e, fhabwitdani on

voven or  noni woven) U TIPS et T8 | EAt SR M P ri D oer E7eb posi ¢ on
and spacgp fabric spresutidg Eappieveiadtigl teefat i Ol Peipend: cdbablka t he
fabrication direction)
gide coating of dope with a double-sided coating
system and automatic dope feeding on both sides of
the spacer fabric (same level at both sides) to
obtain a dope coated spacer fabric
15 e Surface pore formation step: contacting of the
double-side coated spacer fabric with water vapour
phase. It is also possible to obtain an asymmetric
gpacer fabric-reinforced membrane with different
pore size characteristics at both sides by
20 applying different conditions on both sides of the
dope coated spacer fabric.
e Bulk formation step: coagulation of product into a
hot water bath
e DPost-treatment step: washing out of chemicals in a
25 water reservoir

e Drying step: drying of the product

[0048] By this in-situ membrane formation method the
constituents (the knitted gspacer fabric and the two
30 membrane layers) are unbreakable linked to each other. This
is due to the fact that the membrane is formed on top and

inside of the spacer fabric itself.



Spacer fabric coating step: sinultaneous doubl eside coating of dope with a
doubl e-si ded coating system and automati ¢ dope feeding on both sides of the
spacer f aWoi2006mEssse | evel at both sides) to obtain a dopeTmravEsdospacer
fabric Surface pore formation step: contacting of the doubl e-side coated
spacer fabric with water vapour phase. It{4s al so possible to obtain an
asymetric spacer fabric-reinforced nenbrane with different pore size
nt_conditions .on both

characteri sti bot h si des applying differ

si des of the [%f‘% coat ed sgﬁcefygﬁgg?c.[l' Bu%sk el i oh stt%opl_.cac]oag(iﬁoftsi'on
of product iptetachat WafeLwbatik R9stentreat negh stiep wWashbPEneut Ofhe
chemcals in a water reservoir Drying step : drying of the product [0048]

By this in-sipooffédbrgne fohreadsan drethed tthiel kordeprdant vigthke knivhtidde
spacer fabrigoggd %hgrﬁmo gﬁg?ggng I?%SrSAO rqmyﬂgé $qu£ Iugk%%m&Q each
§'due t6 the Tact that € ne

other. This i rane i's fornmed on top and
i nsi de of st hgi1gpager fabric itself.[0049] In figures 4 , 5 and 6 a typical
crosssectional viewis given of an | PC nenbrane. The nonofil anent threads 4

are still clearly visible, while both fabric surfaces are now covered with

a menbrane (}30%8) [0050] Fhigyre 55i s dan0pt bpak ROt 98saphrabnt NSF  the
cross-section of an | PC nenbrane nmade by phase-inversion process. Figure 4
i s a FESEM picbesesettiibe cobssnsetk¢onembrane made by phase-inversion

process. Figure 4 is a FESEM picture of the cross-section

10 of the same IPC-membrane as is shown in figure 5.

[0051] The typical cross-sectional view of the IPC
membrane shows the typical components of the IPC membrane:

e the multitude of pillars (spacer fabric monofilament
15 threads 4) between the two membrane layers 12 and 13;

e the two membrane layers 12 and 13;

e the monofilament threads 6 of the two surfaces inside

the membrane structure

[0052] It can also be seen on these cross-sectional -
20 views that the loops (5) of the monofilament threads and

the multifilaments of the fabric surfaces (3) are embedded

in the membrane layers.

[0053] From these figures it is c¢lear that the
membrane layers are unbreakably linked with the spacer

25 fabric by the multitude of anchorage points.

Properties/features of the IPC membrane
[0054] One of the key features of the IPC membrane
is the presence of an integral permeate channel. This

30 permeate channel is useful for different applications:

® For permeate withdrawal in MBR application, as well as

for e.g. ultra- and microfiltration, membrane



of the same | PC-nenbrane as is shown in figure 5 . [0051] The typical
cross-sectional view of the | PC nenbrane shows the typical conponents of

t he | PC meot@nas4eit he nul titude of pillars (spacer fabrct/Bmosfonéanent
threads 4 ) between the two nenbrane | ayers 12 and 13; the two nenbrane
layers 12 and 13 ; the nonofilanent threpgls 6 of the two surfaces inside
the nmenbrane structure [0052] It can al so be seen on these cross-sectional

' that the |.oops (5). of th fil t threads and the multifil t
01 “the fabri ¢ SUHAHIES (s arG RAGERIGT T LHy Tebiie Tayers =4 o88]

From these figwasidrish clear that the menbrane |ayers are unbreakably
| inked with the spacer fabric by the nmultitude of anchorage points.

Properties/ #eatdy esimploding daRG srempane 054 Oler ok .the kaynfient ues of
the 1 PC nenbrane is the presence of an integral perneate channel ._ This
per meat e channéxqhangsst ul iflor gUPPereRt appldedti ofemPIRReper et e 1N

W thdramag innggggggyggfﬁﬁi(an, as well as for e.g. ultra- and m crof
iltration; nenbranedistillation, vapour perneation, pervaporation, and gas
separation. [BOB5] nmobi | i sEhe oanphopagegadheshor. gf thgumdmboaercAaygers i n
supported liquid nmenbranes and in pert. ract _ion. &0055 The
anchoragg/adﬂgsﬁﬁﬁao?Pfhgeﬁgﬁﬁ¥§heg?9§%?§t%@ ?ﬁb B TorbrEde ¥4br PLACEd by
the coating ap(epBaASE IMEESION (@re%ceﬁ%ﬁ%@e £)i gebe Bnd hanfeeknisbhedr
spacer fabric is very strong. This can be explained by the
fabric 1s very strong. This can be explained by the
10 multitude of anchorage points.
[0056] This property 1s illustrated by Dburst-
pressure measurements with silicone oil (having a viscosity
of 50 times higher than water). It was found that the two
membrane layers do not detach at pressures even up to 17
15 Dbar.
[0057] This property makes of the IPC-membrane an

excellent back-washable flat-sheet (MF/UF) membrane.

[0058] Moreover, it was found that the formed
20 composite material structure is also quite rigid. The IPC
membrane as a whole is quite rigid after drying. This is
rather unexpected considering the flexibility of the spacer
fabric itself, due to the loops in the monofilament threads
at the surface fabrics. This can be explained by the
25 fixation/incorporation of the monofilament loops of the
gpacer fabric into the membrane structure of the two
membrane layers. This property especially enables to make
large surfaces (e.g. 2 m by 2 m).
[0059] Hence, the major properties of the IPC
30 membrane according to the present invention are:
- the presence of the integrated spacer channel;
- 1its back-wash ability;

- ite rigidity.



mul titude of anchorage points. [0056] This property is illustrated by

bur st pressure neasurenents with silicone oil (having a viscosity of 50

ti mes hi gherotdmamonater) . It was found that the two nerbr@odsagens do not
detach at pressures even up to 17 bar. [0057] This property nakes of the

| PC- nenbrane an excel | ent back-washabl e fjlzat-sheet (M-/ UF) nenbrane. [0058]
Moreover, it was found that the formed conposite material structure is also
quite rigid. The I PC nenbrane as a whole is quite rigid after drying. This
is rather unexpected considering the flexibility of the spacer fabric
itself, due t@pédp | oops igrduhe cmrnNoticlammphtibreadspabpbhe isW f 3681 ous
fabrics. This can be explained by the fixation/incorporation of the

nmonof i | amentndoabs membreaes paodr ltabepocente téed nempldra signet wea obet he
two nenbrane_ | ayers. . Thi s, proper especially ables to.meke |large .
surfaces (e. 9" ?ﬁ?@'51EP)t%%[d%%b]mgﬁgﬁ%?ethgﬁﬁmgﬁe%?%be}'Y%éig “thE 1 PC
menbr ane mccpighngrt 911her paes&nbyl RvRNti@- e t ind hexprebencaeptribed

i ntegrated spacer channel ; - its back-wash ability; - its rigidity.[0060]
From t he af ot2fEfti oned properties various novel menbrane nodul e concepts
and applications can be generated with the I PC nenbrane. The present
invention is further illustrated by two non-limting exanpl es descri bed
infra . ApplApplicmsiond: . | PC- MBR nenbrane nodul e concept:

1. IPC-MBR membrane module concept:

10 Membrane bioreactor (MBR) according to the present
invention:
[0061] This novel concept for submerged membrane
bioreactor is named IPC-MBR membrane module concept. For
this application the integrated permeate channel is wused

15 for withdrawing permeate from an active sludge system,
without the need for special module concepts with separate
permeate spacer channels. The driving force for permeation
is a suction force applied from the integrate permeate
channel side. By this action water with

20 micro/ultrafiltration quality is generated from the active

sludge system.

[0062] To enable the suction force on the permeate
channel, firstly the so-called “IPC-MBR plates” have to be
25 realized. This is done by closing at least two (preferably
opposite) edges of the IPC-MBR membrane 1 (see figures 6
and 7) with sealant 7 such as an epoxy/polyurethane type of
resin, or any type of rubber, or a hot melt, or by any type
of welding operation. The other edge(s) remain open and is
30 (are) sealed to an inlet/outlet port 8, to enable the
permeate to be evacuated or to be fed back. The opposite
edges with the inlet/outlet port 8 are then preferably
placed into the vertical position (on top), so that gases

can be easily evacuated.



Menbr ane bi oreactor (MBR) according to the present invention: [0061] This
novel concept for subnerged nenbrane bioreactor is named | PC-MBR nenbrane
nodul e comoepts/o1fwn t his application the integrated perreaiBE20eisanoier is
used for withdrawi ng pernmeate froman active sludge system wthout the
need for special nodule concepts with seppgate perneate spacer channels.
The driving force for perneation is a suction force applied fromthe

i ntegrate per channel _si de. thi.s i water with mcro/ultraf
iltration quéﬁﬁgé?i s generqé]?%dsf)r_gérwg a@%”\}g&sl 8%§ée§ysgt e‘ﬂ?y[gﬁgﬁ] E
enabl e the sgetignihgr cariomeddinmer meate chaaneburbosst | Yot he weertGaldred:

"1 PCG-MBR pl ates" have to be realized. This is done by closing at |east two
(preferably pppdsicariedges WidthefFPT UBR feitbr #RetP Ps&e ANguBed g olvd 7

) with seal apt. 1 gggh a?OaQ eggxx/ pol yurethane type of resin, or any type

of rubber, or~a hot mel y any type of wel ding operation. The other

edge(s) remain open and is (are) sealed to an inlet/outlet port 8 , to
enabl e the perneate to be evacuated or_to be i

fed back. Th d
with the inl &0P88 1 et portT® APE™ &h Pfﬁ'?%f@Pgﬁiﬁ'p%i]@edl?ﬁﬂgg’?ﬁgi%g?gi ol

position (Onakgp%alacée LRat 192385 Gap De-BASI (Yo evacHatsdal Q063L cThe 3¢
formed | PC-MBR plates 9 may have the foll ow ng dinensions for the purpose

of wast ewat ethpaei fP€atB8nplatgdt pdsbmioned atte Wisterzencf ahdta A& ght
fromO .5 mto ug to 2 m, 00§t4%e To f%orr‘}lfm MBR m)cli)ulbeb etShe tIOPC- VBR plt%tees 9
are placed VEPti caPTy FRCTAr rayeS e st iy & ul el HUds of P
10 membrane. The IPC-MBR module is now ready for use.
[0065] Preferably, an aeration system is placed at
the bottom of the module, which serves for cleaning the
membranes and for oxygen supply £for the bacteria of the
active sludge system.
15
[0066] The constituents of the IPC-MBR module are
thus:
e The IPC-membrane plates with at least two closed edges

and at least one edge with inlet/outlet ports
20 e Arrays of these IPC plates

e An optional aeration system at the bottom

2. IPC-spiral UF membrane module concept:

IPC-gspiral UF membrane according to the present invention:
25 [0067] The IPC membrane sustains back-wash
transmembrane pressures (TMP) in operation of above 10 bar,
agssuring long membrane life. The IPC membranes for this
purpose preferably have a thickness in between 1 and 3 mm.
In figure 11 a schematic drawing is given of the IPC spiral
30 membrane module concept.
[0068] The IPC membrane leafs 32 are connected to
the central permeate tube 31 just as like the envelope-like

membrane types. In the IPC spiral membrane 30 there is no



these I PC-MBR pl ates) positioned at a distance of 1 to 10 mm from each
other allow ng air bubbles to pass the nenbrane. The | PC-MBR nodul e i s now
ready forwo=eos/(18665] Preferably, an aeration system i spPpirarecsavomhe

bott om of the nodul e, which serves for cleaning the nmenbranes and for
oxygen supply for the bacteria of the acti¥e sludge system [0066] The
constituents of the I PC-MBR nodule are thus : The |IPC nenbrane plates with

at least two_clgsed edges and at |east one edge with.inlet/outlet ports

A raye of tPBSBAT BT RR e SpPPOTEF ASFEE Gy Rt Shitre  Rethbe o

| PC-spiral UpwBemhdnedoduher soasept. dRermsipidal biF tienrane-1aceer direg to
the present invention: [0067] The |PC nmenbrane sustains back-wash

t ransnenbr anéPpeessthssadsMipilhasgerati on of above 10 bar, assuring |ong
menbrane |ife. The |1 PC nenbranes for this purpose preferably have a

t hi ckness in between 1 and 3 nm In figure 11 a schematic drawng is given
of the | P& spboéab] nenbr aneltodal elesonoceptomn]cddEs] tiheusLCanepbrdane Ifeaids 32

are connected to the central,rPerrrgfate tube,Si just as like the
envel ope- | i KEPABRBr &1 t {Bes-HiHPYYR | BBESPPL al LA AnEPSG T Rer A i §%6need

for a perneatg.spReqr v3LRCe et hedilsiangs: het veenndihs-4Me ABBREaResyrfaces
is determned by the Iength of the spacer threads (pillars) .7[0069] It is

al so recommehddd tbsusecprepentied fioed Simeeer did t FHent eodvewespadi alof
?Kép??ieSpaC%é%braéégngs 9$£ﬁikggeégg%%8fp%9%eggg %Bgagglnyg%gb%%g%e%gong
10 33 and by-pass spacers 34 is shown with their resgpective
dimensions for a preferred embodiment of the invention.
[0070] The special feed spacer 33 is recommended to
enhance the particle expulsion power during backwash
operation. This is achieved by guiding the concentrate to
15 the two topsides of the membrane module 30. The spacer
consists of massive PE, PP or PES foil 22 with continuous
ribs 21 at both sides of the foil. The ribs 21 are in the
longitudinal direction of the membrane module. The total.
thickness of this novel spacer is preferably between 0.5
20 and 3 mm, the rib height between 0.2 and 1 mm and the foil

thickness between 0.05 and 0.3 mm. The distance between the

ribs on the foil is preferably between 5 and 30 mm.

[0071] Figures 8 and 9 show schematic
25 representations of the special feed spacer

[0072] The by-pass spacers 34 are also recommended

to enhance the particle expulsion power during backwash

operation in bigger modules. In fact it is quite similar to

the special feed spacer 33. Moreover it contains a feed by-

30 pass 23 (see figure 9).

[0073] The feed by-pass 23 of the by-pass spacer has

two functions:



A-A is represented in figure 13 . The arrangenent of nenbranes 32 with

i ntegrated perneate channel, feed spacers 33 and by-pass spacers 34 is
shown wi tWwoth@ims4eespecti ve di nensions for a preferred echmiesmnof the

i nvention. [0070] The special feed spacer 33 is recommended to enhance the
particle expul sion power during backwash ggeration. This is achieved by

gui ding the concentrate to the two topsides of the nenbrane nodul e 30. The
spacer consists of massive PE, PP or PES foil_ 22 with contlnuous ri bs 21 at
both sides of tTRefSirstThEURFBEOD] it etPn REKP | 54G t BAFhAFLE (BT Bt

t he menbrane no %ﬁﬂ?ﬁck‘% hePSF%t gﬁ.oflnt b ;¢ %Meio sgaggg héﬁ; el:‘cf;{gatbl y

between 0.5 an eri etween 0.2 and 1 mm an
t hi ckness bet wesre @5 andsBe3 mm Shhevidi sighce WEMMMHndhEOdeeSOQﬂf&D

foil is preferapl bet en 5_and 30 0071 FI ure 9 sho
ohemti b roor atadhas 1880 T UBRE Hhaiiact da < sateriiaese) Trne s
spacers 34 are @l s@gr e@@ﬁ@@@edthgoeghamtmeeaarépe%@rewlﬁbemeew

during backwash operation in bigger nodules. In fact it is quite simlar to
t he speci al feedlsctiacets Qeln%beetfewastleéomtauw asapedtbppas§o23hesdw -

figure 9 ) gg% $ egfbﬁo ?fé 8318fH%Q8 Qerﬁgée%&%@ﬁkl@ﬁS&fM%he

Qo0
functi ons: The:3|rst unc ion 1s to hel articl si on dur
backwash oper atad®icentirdt ¢ uf o Omad248€ Cncblhmmgrpbpesateomeieﬁ tihe &ﬁomn
wi th 4 nmenbrane nodul es of 60 inches |ong on backwash the concentrate

from nodul es CHBRES tPHAs Thrdeigh' € He #%”edt DATTHCH LRI @ BPILRI Bh i s
bei ng baiB-W@SWe aEeEQEdS%JHi% §8 tt%e }tt)é(lp to distribute the feed

water through all modules of the pressure vessel and
especially the modules in the middle wupon filtration
(modules B and C).
[0074] These functions are important for maintaining
15 a stable transmembrane pressure (TMP) over a long period,
and for postponing chemical cleaning of the membrane. Due
to the low transmembrane pressure in UF and MF membranes,
modules are placed hydraulically in parallel to avoid
pressure loss.
20
Industrial Application
[0075] Applications for the membranes according to
the invention are numerous and include MBR,
microfiltration, ultrafiltration, membrane distillation,
25 pervaporation, vapour permeation, gas separation, supported

liguid membranes and pertraction.

Abbreviations:

[0076] The following abbreviations are used:
30 e HPC: hydroxypropylcellulose
e CMC: carboxymethylcellulose
e DPVP: polyvinylpyrrolidone

e DPVPP: cross-linked polyvinylpyrrolidone



pass spacer of nodule D is used for the expulsion of the concentrate from
nodule C. Simlar operation for the by pass spacer of nodule A for the
concentr ave 20d6/ar8ul e B .  The second function is to helpTiBRE20lis90612DUt € t he
feed water through all nodules of the pressure vessel and especially the
modul es in the mddle upon filtration (modules B and C) . [0074] These
functions are inportant for maintaining a stable transnmenbrane pressure
(TMP) over a long period, and for postponing chenical cleaning of the
menbrane . Due *t oPYhe PolwvinVsaeABRahe pressure in UF and MF nenbranes,
nodul es are placed h Qraugicall in ggrallel to avoid pressure |oss .
| ndustrial Appl% caton P9 ?%THX%ﬁF?E Fons for the nenbranes according to
the invention gre,pymerous.and; LAclydg.MBR, mcrof iltration,
ultrafiltration, %enbréne§%?s?%%ﬁat#on? pervaporation, vapour perneation,
gas separation, spp@ogtgglybgﬂyﬂcﬁmabﬁages and pertraction. Abbreviations :
[0076] The follow ng abbreviations are used: HPC: hydroxypropyl cellul ose
CMC:. car bbxynetshyCeBVCut oskloPiPatedl poinylipyleblpddde PVPP: cross-1inked
pol yvi nyl pyrrol i done PVA: _pol yvi nyl al cohol PVAc: polyvinylacetate PEO
polyeyhyleneoxfdepsﬁvcipobﬁﬁy PR9REhl oride C PVC : chlorinated
p0|yV|ny|Ch|0rudePESU : polysulphone

e PPS : polyphenylene sulphide

e PU : polyurethane
10 e DPVDF : polyvinylidene fluoride

e PI : polyimid

e PAN : polyacrylonitrile



PSf : pol ysul phone PESU : pol ysul phone PPS : pol yphenyl ene sul phide PU
pol yuret hane PVDF : polyvinyl idene fluoride PI : polyimd PAN

pol yacr ylwoizbeddis@iLAl M5 1 . An integral perneate channelPCrmroEm60127
conprising a perneate channel consisting of a 3D spacer fabric having an
upper and a |ower fabric surface (2,3) tigd together and spaced apart by
nmonofi | ament threads (4) at a predefined distance, said perneate channel
bei ng i nterposed between two nenbrane | ayers (12, 13), wherein said
menbrane | ayers are linked at a nultitude of points with said upper and

| ower fabric surfaces . 2 . The nenbraf2dd®ording to claiml1l , wherein the
fabric surfaces and the nonofilanents of the 3D spacer fabric are |inked by
| oops (5) in the nonofilanment threads and said | oops are enbedded in said
menbrane |layers . 3 . The menrandraceoradi npetrmeelta mchaone2 |, mahbrene,t he

fabric surfaces (2,3) are of a knitt?%§1 ven Oor , non-wove tyeﬁ%. 4 . The
menbr ane accSPEPHEE T ady BFTRRREGI SHTEEL oCRNSHAELBPN Thedidt afiBBCST

between the Hppel. aﬂgxﬂi%\geraﬁa%b%ﬁ%@_ca 11 SsePetrween 0, fudng:dl0 (ams) 5 .
The nenbrane according t6 any of the clains 1 to 4 , wherein the 3D spacer

conpri sessa niértateskbecead tpewethergriufx onsief i hynept pbhyesder (4)

nylon, at a predefined distance, said permeate channel being
interposed between two membrane layers (12, 13), wherein
said membrane layers are linked at a multitude of points
with said upper and lower fabric surfaces.

10 2. The membrane according to claim 1,
wherein the fabric surfaces and the monofilaments of the 3D
spacer fabric are linked by loops (5) in the monofilament
threads and said loops are embedded in said membrane
layers.

15 3. The membrane according to claim 1 or 2,
wherein the fabric surfaces (2,3) are of a knitted, woven
or non-woven type.

4. The membrane according to any of the
claims 1 to 3, wherein the distance between the upper and

20 lower fabric surface lies between 0,5 and 10 mm.

5. The membrane according to any of the
claims 1 to 4, wherein the 3D spacer comprises a material
selected from the group consisting of polyester, nylon,
polyamide, polyphenylene sulphide, polyethylene and

25 polypropylene.

6. The membrane according to any of the
claims 1 to 5, wherein the membrane layers comprises a
hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO ,TiOj,

30 HfOy, Aly03, Zx0y, Zr3 (PO4)4, Y504, Si0g, perovskite oxide

materials, SiC; and an organic binder material selected



pol yam de, pol yphenyl ene sul phi de, pol yet hyl ene and pol ypropyl ene. 6. The
menbrane according to any of the clains 1 to 5, wherein the nenbrane

| ayers cowproeadssihydrophilic filler material sel ect edpPCrmmods®ogroup
consisting of HPC, CMC, PVP, PVPP, PVA PVAc, PEO , TiO2 , HHO, A2 O3 ,
Zro2, Zr3 (PO )4, Y2 B, S , peroygkite oxide materials, SiC and
an organi c binder material selectedfromthe group consisting of PVC, C PVC,

PSf, PESU, PPS, PU, PVDF, PI, PAN, and their grafted variants. 7 . The
menbr ane accobFaPngo FHYHRF CORELSEAPHs O 186  , Gidei P 3hi dPFEHbr &7 i s

planar. 8 . Fye pppbrape agahn ehal Phiir G¥blhen ¢emmEzing a seal ant (7)
or weld at the perineter of the planar nenbrane arranged to prevent direct

fluid novenent fromor to 7The Peenemerwbcirdnacovrdibny passiany t roudihea
menbrane | ayer, .and.ap inlet/outl.et port (8) connectign_ in fluid connection
with the perﬁ%%ﬁ@sc%aﬁﬁe?! yﬁérilﬁeﬁ%%gnggg%g?ggcﬁﬁrpﬁg e conprising an
array of penbranes as in cgai NT8e. démbAaeemegbr ang aeganrdi Ng,t o famtef- t he

clains 1 to 6 , wherein said nmenbrane is spirally wound around a centra
per neat e t ubEOBI}Sing)a £PlIF MEhbCineHHuRE 3@ PBHREeF ngfathe

cylindri cal I%%?ggpe e%qiarngJ Beramale tyb Ft%%%}lggodglfééﬁ ”Eléiéﬁ’ak@()@%n@

i nner | unen I ned by sal , and a itu nmenbr anes
accordi ng tofebai mrl@o villes eparnbetpecheanelcharielutof psas tngenhrangh ias in
fluid connection with_the inner, | unmen of/;aug_central Qg;neate t ube and

sai d membr anBEVEF R SpiFEFFy WEGhE ar gtk /&ttet port connection in

10 fluid connection with the permeate channel.
9. A membrane bioreactor module comprising
an array of membranes as in claim 8.
10. The membrane according to any of the
claims 1 to 6, wherein said membrane is spirally wound
15 around a central permeate tube (31).
11. A spiral membrane module (30), comprising
a cylindrically shaped <central permeate tube (31)
comprising a wall and an inner lumen defined by said wall,
and a multitude of membranes (32) according to claim 10,
20 wherein the permeate channel of said membranes is in fluid
connection with the inner lumen of said central permeate
tube and said membranes are spirally wound around said
central permeate tube.
12. The spiral membrane module asg in claim
25 11, further comprising feed spacers (33) interposed between
said membranes.
13. The spiral membrane module asg in claim
12, wherein the feed spacer comprises a planar foil (22)
and continuous ribs (21) positioned at both sides of the
30 foil (22).
14. The spiral membrane module as in claim 12
or 13, wherein a feed spacer is a by-pass spacer (34)

comprising a feed by-pass (23).



central perneate tube . 12 . The spiral nmenbrane nodule as in claim1l,
further conprising feed spacers (33) interposed between said nenbranes . 13

The spiwel2o0srbseane nodul e as in claim 12, wherein thecrsidospacer
conprises a planar foil (22) and continuous ribs (21) positioned at both
sides of the foil (22) . 14. The spiral mpybrane nodule as in claim112 or
13, wherein a feed spacer is a by-pass spacer (34) conprising a feed

by- 23) .15 . Th enb dul | wh th
Y- bacs spater (34) comptiLas SERI GRAF ol I3 And CORT ndbus- i B2

positioned imsa ypageiHdtnal be}Lpa@bI @paakrbath)sicdeprafethe isdhat22)ijand
wherein the foil (22) conprises a feedzgg pass (23) arranged to allow
nmovenment of fPR&i dsnfnconé ipveyist ddibfal (i eeesbhionsd. ip ﬁeﬂ@@@ﬂﬂﬂdlnal

broviding a Liteot gt gd periRal e, channsk WRIDIANG, CONPY I 3hR0LEARSTERS

Providing a spacer fabric conprising an upper and l'ower surface f
(2,3) spabedfapart(2by nomafdilsaend Eheéaﬁy(@)asa;t @mr ealefangead dbst arldem

and Applying a nenbrane_|ayer to said_u ai.d lower surface fabric
to form an i HPEGRENL pef mbated Ehéﬁnéﬁen%ﬁgg ﬁBglnf; d?ﬁécﬁépﬁod according to

claim 16 wherein the step p§, appl ybpgcokhe saRMOrANG, 128y cansiiskeRhidd
coating step with a dope and coagul ati on of said dope to form a nénbrane

| ayer |inkedpatrmeapal thandelofepbirans, weonpsapdngpple shdéprEowér fabric
surface . e Providing a 3D spacer fabric comprising an upper and

10 lower surface fabric (2,3) spaced apart by monofilament

thread (4) at a predefined distance , and

e Applying a membrane layer to said upper and said lower
surface fabric to form an integral permeate channel
membrane.

15 17. The method according to claim 16 wherein
the step of applying the membrane layer consists of a
coating step with a dope and coagulation of said dope to
form a membrane layer linked at a multitude of points with -
said upper and lower fabric surface.

20 18. The method according to claim 17 wherein
the dope comprises:

e an hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO, TiOj,
HfO,, Aly0O3, 2Zr0y, Zr3(POg)s, Y903, 8SiOy, perovskite

25 oxide materials and SiC;

e an organic binder material selected from the group
consisting of PVC, C-PVC, PSf, PES, PPS, PU, PVDF, PI,
PAN and their grafted wvariantsg; and

e an aprotic solvent selected from the group consisting of

30 NMP, DMF, DMSO or DMAc or a mixture thereof.

19. Use of a membrane or membrane module
according to any of the claims 1 to 15 for water filtration

and/or waste water purification.



18. The method according to claim 17 wherein the dope conprises : an
hydrophilic filler material selected fromthe group consisting of HPC, CM
PVP, PVPRVORWS/01RMAC, PEO TiO2 , HHO2 , Al203 , ZrO 2 pCImE20BOodi24 , Y2
B, SIAR , perovskite oxide materials and SiC, an organic binder material
sel ected fromthe group consisting of PVG3 CGPVC, PSf, PES, PPS, PU, PVDF,
Pl PAN and their grafted variants; and an aprotic solvent selected from

the group consisting of N e t her,eof 9 .
Use of a menbrane or ne Ng%eqwgadgwgﬁgﬁﬁ?d?ﬁgl?oaﬁﬁyo%fEﬁﬁe @Pépﬁsll%to 15
for water filtrahbeniandhon Wasta Ml efarpuiifhsedh@na 28ackhesAepheaReras in
any of the clains 1 to 15 wherein said nenbrane can withstand a backwash

pressure of af &eadeadd bArbarl. Use of a menbrane according to any of the

claims 1 to 15 or 20 for q% I aélggmby%ﬂ a%gggg ign Ngﬁg, £ th

per vapor ation, menbrane dls¥l| a%léé suppor % |qU|§ ngnggane gndFoF

pert ractsi 0Oflaims 1 to 15 or 20 for microfiltration, ultrafiltration,
MBRs, pervaporation, mwembrane distillation, supported

liquid membranes and/or pertraction.



