WO 2006/ 015461 PCTI EE2005/ 000127 1 5 | NTEGRATED PERMEATE CHARNEL .
MEMBRANE Field of the invention 10 [0001] The present invention is
related to a novel nenbrane containing an integrated perneate channel,
particul a for menbrane technology in e.g. i on and
wast ewat e?dd/pzt?lr)k? %cgtl on. 15 State of the art [0002] rBaEr%[édso?]%?Jéact ors
(MBRs) have been a popular subject in the water- morld during the past
years. Until now research has covered the applicability of MBRs at

wast ewater treatnment plants as well as concentrated flows 20 from

i ndustrial production processes, the treatnent of percolate water from
wast e di sposal sites and the dewatering of sludge. In sequence to the
success of nenbrane bioreactors for wastewater applications, a study was
performed on the subject of applying MBR concepts in 25 the drinking

wat er production process. [0003] MBRs in wastewater applications consist
of a conbination of biological treatnent in a reactor and physi cal
treatmentsby a nenbrane filtration step. By introducing nmenbrane
filtration instead of a settling 30 process, high sludge | oads can be

mai ntained in the reactor, which (theoretically) lead to high biological
degradation rates w th artguwstesgesM=aduc tHARNES| Melgeravgoncent rat i ons of
15-20 g/l are nmentioned in Iiteraturé on WMBRs. The high efficiency of the
process would nmake it WD 2006/ 015461 PCTBE2005/ 000127 2 possible to

process hi ghkye foncentdatied-hkgus and to design

10 [0061] 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 8S8tate 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 ?roduction processes, the treatment of
percolate. water from waste disposal sites and the
dewatering of sludge. In sequence bto 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] MBRg in wastewater applications consgist of a
combination of biclogical 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 bicleogical
degradation rates with a low sliudge production. Sludge
concentrations of 15-20 g/l are mentioned in literature on

MBRs. The high efficiency of the process would make it



systens with a small footprint. In practice however, the footprint is
only reduced by the smaller area required for the nenbrane filtration due
to a maxi mal mai ntai nable 5 sludge concentration of 8-12 g/l. In addition

hi gher sl yd9sosisgquction rates have been registered tRaggioGfapMenti onal
settlenment systens. [0004] JP2001212436 describes an i nmrersion type

menbrane cartridge and production nethod,therefore. In this 10
application, an i mrersion type nmenbrane Cartridge is manufactured, wherein
the nmenbranes are welded to the inside margin of the filter cartridge.

[ 0005] JP200®P35989sake DT 44edd Yd&oerrherated eh?u iH Fehbegdetand

manuf act uri ngaethad L Rer &f 0kga11Thecodsr SePAr 8hi BRaBRIDE AREyESer, the
manuf actured by formng the porous resin | ayer on the surface of the

porous base mepspiraht tenposedrefiuesd opgabre IMdeer RYsar treghiiehe Kesin is
infiltrated iato alobfaal 9 -suEhage hayerepac! ploiher RALGHSaDARS.
material to forma conposite layer with the 20 porous base material at

| east in tthe sdudbacecheywrragairan of @306] cThe AnnadditiesdimEteentss vidget o

devel op a nenbrane.w th_ hi wat er perneabi.l it i.n._whi_ch, ¢l oggi.n
har dl y occur§r3§80gﬁ8ns???%%r%%v%sb?ﬁ% fﬁﬁ%ﬁﬁ?ﬁ%gnﬁ?'tbj%}‘: Pﬁ%&éogggous
base mat eri alsekcs1pmerenseeteb. [ 0007] I n JP201321645, a filter menbrane

el enent is resented. The filter elenent has,a gap _for. water. _coll ection
penetrating 38994 urfacesﬂ'?OﬁﬁglégﬁgorEeﬁFﬁfBesgngg pdFFEGR-BF t hEPS

support plat gerdRend @2p:figavairel predhilcetbhoRetBodl flaggeibraN tthethis
direction of a takeout port 30 of the perneated water and is in .
comuni ca% oRAPRLER2ERER t akRoutMBRFT LTt t WP e REdwatBr -r6688] W

03037489 desgi-hes 8Pl € Wfidrdial | ORe MRSHhEnSAT drB00WE EILPMYS SkAg @

plurality of "filter
ingide margin of the filter cartridge.

[0005] JP2003125939 and JP200314486% 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
compogsed of an organic fiber. A part of the resin is |
infiltrated into at least the surface laver part of the
porous base material te form & composite layer with the .

20 porous base material at least in the surface layer part.
{0006] The aim of these patents is to develop =a
menbrane with high water permeability, in which clogging
hardly occurg and the stripping of the porous resin layer
from a porous base material is prevented.

25 [0007] Iin 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 taksout port

30 of the permeated water and is in communication with the
takeout port of the permeated water
fooog] WO 02037489 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 draining WO 2006/ 015461
PCTBE2005/ 000127 3 the inner region of the sane. Said pockets are
vertically arranged in a rigid supporting elenent in a parallel mnner,

pref er abl wpdood/fiSss3ane di stance fromeach other, in syghp@dodypebhat the
adj acent filter nmenbrane pockets can 5 intensively crossed by |liquid. The

filtration nodule is characterized in t?at the filter nenbrane pockets
are essentially flat and flexible and are fixed to the supporting

el ement on opposite sides, said supporting elenent conprising at |east
one evacuat i 6h¢| PRBEFOreIBOBY REuALENGaRe IS4G POARCER PSS YEREd CBULYVi a

the filter ket s hayiinge@dda4id ee1kbhadtd perneable,69Le and
a plurality g?g]gfl%%fsdp%gr meagl g corel%ellg ener#s. e[ 0009] JP11244%?2adescri bes
a flat nmenbreasnetremerefexgidneiar $bgl sAgepatssanee Frpmredadly othght | fn

adhering the . i BeriRhaial, MBIl 0al.thiecsi 088 ALnbland o RO and Rot h

ri ght and | eft™€ reof to constitute a quadrilatera at pl anar
menbr ane for tedeasivebagctroered Ty ohegsidle &he tihe wmdaednpbrigphésal

edge of the flat planar nbr an install wi_th_the nmenbran upporting
member is suﬁhﬁﬁﬁgﬁﬁrﬁg lﬁ’boﬁ’ﬁai S%ngn ifeqﬁéalrghf“eréﬁr?%ee dUr ae%g ofi*bot h
sides of thesdppeiaPeyt Diatt hearenbflansgSeppenid ngreentexedandtes thel ded

to the nmenbrane supporting nenber to support the. flat planar nenbrane.
The heads IaFBBPOFEMP%e ?%Wﬁes?ntﬁgﬁgg%emﬁb‘?%e ﬁ%ﬁﬁr E'REOHEMDEr are

formed at botheR8HE 28cwbr1dHendTerdy anetppasd NeviRmberonBot inef the
heads are provided wth nozzles which are in communication with the flow

passages 1§f eNecHekbranEhuppEPEPngAERbers ditFka%e OWsetd ot PakE1oaeTt he
permeate. 30,L0R10)e TRE-REHDT ARG Rhakes16kibiel POgkelS pelbRfabl®More

and a plurality of liquid permeable core elements.
fooons] 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 gquadrilateral
flat planar membrane formed as a bag form. The one side at
the ﬁnsealed 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 [o0610] 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 twe membranes are



quadrilateral flat planar nenbrane) of the prior art are fornmed by
bringing together the separate constituents (two nenbranes, spacer and
support) . The two nenbranes are WO 2006/ 015461. PCTBE2005/ 000127 4

placed W Ry $00€hssyENDr @ane supports directed to each ofegrsnnAREhz® Spacer
pl aced in between themfor creating a gap. The weak points 0? t hese

concepts are: Construction of perneate channel wth the separate 5
constituents. A lot of operational steps %or construction (gl ui ng,
sticking, welding) conpromsing to a |large extent the nodule integrity
(1 eaks) and iRlkpcesswiphi EBelr fupETHie GTUHRSTSPafé Te6t eHet Aot SiiHsor t

10 (detachnent,q sf 1Dpba0p9LoLhes TRtiAng! knenOpBratkonat gl S A

impossibility o shing the nmenbranes, due to poor adhesion of the
menbr anes to Theiweagupponts ¢6 [iogtd =gsierdls wsend NF/ RO t echnol ogy

consists of retrqfittahl e standardize nbr an dul.e.el.ements (8-inch
di aneter, 40 to 60 i(?]%rh%sr C(S;Cr%@n v%t?%elgr}eg&p acgleagml%ﬁ “éecal{ln g_fedisze rparteessure
vessel s (8 i nch di anedestiddntdsengtzhs 1aaf wef t coRfhtinatall ongleps20 30127

For the production of such spiral-wound , menbrane nodul es, nornmally
plurality of i ndepen%‘%‘?ﬁtr”e?ﬁ@%pe-l il(lﬁgmrf‘é%br anest “Hembr an@%ﬂf@ put
together with theirchaeksiideny th a pargeaketspacehei RolEl NEBM it v

wound around the outer peripheral surface of a central 25 perneate tube.
Three of the four edfedst e rEFFIRE PEHYRI ope are glued, the fourth

one is connected W tAydie . centeal pebreate qol | echor. mo@uikn REGHELS on
the perneate water nmkes a spiral novenent fromthe outside of the
10 (detachment, stripping of the membranel!l).
= Operational problem: impossibility of back-washing
the membranes, due to poecr adhesion of the

membranes to their support.

15 [o0011} Spiral wound NF/RO technology consists of
retrofittable standardized membrane module elements {8-inch
diameter, 40 to 60 inches long) which are placed in
gtandardized 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 towaxds 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 wedule and can enter



menbrane nodul e towards the central perneate tube. 30 [0013] In between
the w ndi ngs of nenbrane envel opes normally one puts a feedwater spacer.
The thickness of the feedwater spacer determ nes the di stance between the

menbr ane- During operation (filtration) the éﬁ%‘%ﬁ’ ks fed on
top of thgas{%w@?&rimdul e and can enter WD 2006/ 015461 PP E2 "ggl/zOOOIW 5

t he nmenbrane nodul e by the feed spacer. |In this way part of the feed
water longitudinally flows over the spi ra wound type menbrane el enent

and is thereafter discharged froma concentrate water outlet (other top
si de). Meanwfieemembrauaanelipks tbbfthehderde RACEE - | 50 t Pk fEry &dbthed
pernmeate and g yls cald tod18 ,28RLI &, BeEFBALSLURG. TS hsvmﬁl
nor mal way ofthgpéf%%ﬁ g%tbl%% aRteov rsél CBm)sf“/s and Narelofi I Fr-agtg}:lor?. 10 61014]
For renderi ngybke repibrahemeriierane wedhrisl ddypragderul decharged- LEME) aand

ultrafiltration (U eration the.spj ane ou .

back- washabl EOFF%\I/L %‘Eg f"’la}tfafatcfugn Ett ol%tgleév'g?gg]% OQ?gé \'/ellqtgﬁg%gé%)%sittheed
particl es ®nmatiappaktt b rieeh esdwesiay dee trBusifpgrdf/ Ut opsratdaae End
(filtration) it wi]l] work npost . _of the tijme quite simlar tqQ . the operation
in NF, but yéf tFRIEHShudns E6nceitTte p%?@%?\%‘zrgg 1| T%E'Sdrh‘? ngﬁ‘e

periodi cal | y ncthks W dy be ofper bpeiadiong. aft ere@aeBe30 dam® 4n nuhes by
a backwash, with part of the perneate produced during operation and 20

. this typical Wn\%ffﬂﬁtﬁafbho%e % of the produced volune. To have an
efficient cake renoval, this backwash is performed at a flux rate being
at least three tines higher than the flux rate during operation. [0015]

For this 3fur g89d43 backwasiab| ERAFET %y SR (el GReeristard 0By
needed. The %%%@g§r%dEI%Hk§Qﬁet@ﬁﬂ and ultrafiltration (U¥F) 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 voiume. To
have an efficient cake removal, thig backwash is performed
at a flux rate being at least three times higher than the
filux rate during operation.
[0015] For this purpese a backwashable micro-
25 ultrafiltration membrane is needed. The standard flat-sheet
ME/UF membranes are composed of a polymeric membrane cast
onto a non-woven tvpe support. These mewmbranes 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 gupport is rather poor. Some
manufacturers (e.g. Trisep/ Nittc Denko) have developed

bark-washable wvariants. In these cases the membranes are



MF/ 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 entrapnment/ incorporation into the support. This

i ncor por awogg%(ﬁﬁg&ynts often for 30% 30 of the thickngggfihadshGoisPPOrt

structure. menbranes however are not suitable for backwashi ng since
t he adhesion of the nenbrane to the sup%ort is rather poor. Sone

manuf acturers (e.g. Trisep/ N tto Denko) "have devel oped back-washabl e
variants. In these cases the nenbranes are WO 2006/ 015461

PCTI BE2005/ 0g0mRY¥et 81 ol st it ithe sYPeprt hEtSuppore - stiidc fiRc& eaTRiSs

i ncreases t a I of £t Aahe gt SRR K L
backwashabl ereflg gagg%tgg?négx?gﬁpﬁ 0016] LcI—lljovg/e}\?/eer, evextr? %%;ahrt%%?%&%hgﬁge

t he adhesi onbabketshhkel aerbramettairhexsgppert / or peel strength are

clainmed to b | d high 0 d o] mbr,ane,

maxi mum al | oafgéﬁé?negati vgfof%%e%dmjeﬁé&l b‘%@iﬁfagﬁ?%gyﬁgn%i I flgl i%r%ht-%gopo a
val ue of 3 baf. tHe [ DehBlamP1G22062: FB2P03251/154r IRAN0280643Lh are
di scl oses a spiral -wound, typ rane el enment and nmethods of running and
washing it. 9‘866'7%%3(?% BEi oieg%g%sgli”r%ﬁ?er witind“? reaé]negf’i Icfc%ng‘fcf%nbg

el ement capabkgbefndei nghbackuaxfilnushedl1b%ab0818helat bv275TMB5 diuschases a
three layer flat nmenbrane support, havi ngaan i nper | ayer. wher eon non-woven

fabric conprPeFkyashtPacEs |slyel’s WrEtelusd & YALYR hedidFe or heat

fused. On said surface layers, a nenbrane is applied with a two-sided

coating foll owed by phase 20 inversion. E[OOl%] Al | these discl osures show
the fol | 3& nd00B7bbl ens; 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, & membrane is
applied with a two-sided coating followed by phase

20 inversion.

[0019] 211 these disclosures show the £following

problems:

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

¢ Iaborous module manufacture

e Poor particle expulsién.'power in &€ m pressure vessel

(necessity for by-pass spacer)

30 Aims of the invention

[6020] The present invention aims to provide a novel
membrane with an integrated permeate channel useable in

different membrane applications such as Microfiltration,



Peel strength of the nenbranes (limted TMP upon back 25 washi ng)
Laborous nodul e manufacture Poor particle expul sion power in 6 mpressure
vessel (necessity for by-pass spacer) 30 Ainms of the invention [0020] The
present invention ains to provide a rovel nenbrane with an integrated
per meate channel useable in different nenbrane applications such as
Mcrofilpratdomedacildid,rafiltmskspn, MBRe:rvBerapabation, Meityrane
distillation, Supported Li qui d Menbranes, Pertraction, _which can be
backwash@tSefF1 i eqftd y SREPPRERT| s laBPct o MSHYRECand’ W Y Bresstire and
enabl e | gngtier mpgpesat Lany,Mshboute dhe jneed f ofn 4 requent; €l egning., The
novel menbrane should also be economcally |nterest| ng. Sunmary of the

i nvent i ownifo92a]d Thiel g eslents $ivent ioh comgerds - BPRYiRIEYr dibeqFdriveat e
channel MEPRLENC.LCORCLSLRG GRELIRA! S.chante,  GANSIS Nt Gea,3D spacer
fabric havi ng an upper and a lower fabric su face tleo?toge er and
spaced apmmldi)yalsmrtm‘|dcanmntidahrlefadﬁtatreatpngdefl ned di stance, said

per neat e channel being interposed between two nmenbrane |ayers, wherein
said nenbrane |ayers are linked at a nultitude of points with said upper
and | owegumdi¢ Cor StHd aGRfanthlta fabric surfaces and the nonofil aments of
the 3D spacer tabric are Tinked by |oops in the nonofil anent threads.
Said | 00580%1‘% enmbEfledPER38E1d MERIF AT ayePRCCTE ef 8Pabl YT 4HE f abri ¢
surfaces @£§e§éeaéﬁ%'ntnte§d1me‘%ﬁ¥§£h@r- cORBTYAY RH ta/peer}lalaetgl staneR bet ween
t he upper and [ower fabric surface preferably |ies between 0,5 and 10 mm
[ 00221 Thenstrspaceripref dlabsyaconpliabadca fmtﬂerq abn upper and a

lower fabric surface, tied together and spaced apart by

monofilament threads at a predefined distance, said
permeate channel being interpcosed Dbetween two membrane
layers, wherein said membrane lavers are linked at a
multitude of points with said upper and lower Zfabric
surfaces. The fabric surfaces and the mconofilaments of the
3D spacer fabric are linked by loops in the monofilament
threads. Said loops are embedded in said membrane layers.
Preferably, the fabric surfaces are of a knitted, woven orx
non-woven type. The distance between the upper and lower
fabric surface preferably lies between 0,5 and 10 mm.

[C022] The 3D spacer preferably comprises a material
selected from the group consisting of polyester, nylon,
polyamide, polyphenvylene sulphide, polyethylene and
polypropylene. The membrane laver preferably comprises a
hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEQ, TiOs,
HfQ,, AI»03, Zr0;, Zr3{PC4)s, Y203, 810z, perovskite oxide
materials, S1iC; and an c¢rganic binder material selected
from the group consisting of PVC, C-PVC, PSf, PESU, PFPS,
PU, PVDF, PI, PAN, and their grafted variants.



selected fromthe group consisting of polyester, nylon, polyam de,

pol yphenyl ene sul phi de, pol yethylene and polypropyl ene. The nenbrane

| ayer preferably conprises a hydrophilic filler material selected from

t he groupwaewaebis#iing of HPC, CMC, PVP, PVPP, PVA, PVACT/ER@SO0WMICZ2, Hf 02,
A1203, Zr02, Zr3(P04)4, Y203, Si02, perovskite oxide materials, S C and
an organi c binder material selected fromthe group consisting of PVC,

C- PVC, PSf, PESU, PPS, PU PVDF, PI, PAN, and their grafted variants. WO

20061015461 ﬁg%ggiOOSIOOO%gJ a8:§é¥E%ﬂu1%Q.aeﬁﬁgéiﬁéﬂgm’ogﬁhgﬁiW%QESgBtthe

present invention, said nenbrane i1s planar. The nenbrane preferably
further conprinsestacseadaiv rembidzmeperi ppeper of Thhangiibysare predfiorabey

arranged to event direct flujd V. t, f.rom or . t r
channel mﬁth§%?¥§8§sFﬁ@p¥¥ﬁ%%g% T rgﬁétﬂ}a %%?%5% ra%%iﬁ 3F%§%§F£t
port connect irRbsinkNattahgled conneecsvaort wiitrtedthed Jpgdmemtvemehandebmn or

provided at | east one edge on the perineter. (00241 Another enbodi nent of
t he presert FﬁVéﬁFiBﬁrmﬁég%oﬁ PRRRl | W AR o6 %@55@5 ranﬁﬁﬂgﬁane
COMprising an ayak' ayapf Bhanas| e hiares pbrt hedphesenbni(syenid of1uf8025]

I n anot her particular enbodi nent of the present invention, said nmenbrane
is spirally W@@ﬁGCEF@HnWP%P-the(Rﬁﬁﬂ%%tepégﬁﬁﬁ?%'tREEYléﬁﬁ-FGO%@fsﬁnBPﬁer
enbodi ment OQK%QpOHrgﬁg etipeNion consists in a spiral menbrane nodul e,
conprising a cylindrically shaped central perneate tube conprising a

wal | and an @841l unen défiardgrbyeddingdt ofanthe PrEFEREudeveRtiphral |y

wound Merfy anes,.; wher &i.n Lhenoarmal ex20rchanne! ol al ddRiianes ki i n
fluid connection™wth e inner Tunmen of said central perneate tube and
sai d array of planar membranes of the present invention.

[0025] In another particular embodiment of the

present invention, said membrane is spirally wouid around a ~
central permeate tube. _ _
15 [0026] Another embodiment of the present invention
. consists in a spiral membrane module, comprising a
cvlindrically shaped central permeate tube comprising a
wall and an inner Jlumen defined by said wall, and a
mﬁltitude of spirally wound membranes, wherein the permeate -
20 channel of said membianes ig in fluid connection with the
inner lumen of sald 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 advanﬁageously comprises a planar foil and
continuous ribs positioned at both sides of the foil.
Further, 1in a preferred embodiment of the present
 jnventiomn, the spiral membrane module comprises a feed
spacer is a by-pass spacer comprising a feed by-pass. The
30 by-pass sgpacer preferably compriges a planar foil and
continuous ribs positionad 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.



menbranes are spirally wound around said central pernmeate tube. The

spi ral nmenbrane nodul e preferably further conprises feed spacers

i nt erposed between said nmenbranes. 25 The feed spacer advant ageously
conpri ses wo ploermiatclf oi | and conti nuous ribs positi oneRCTAREDGHU01ZT des of
the foil. Further, in a preferred enbodi nent of the present invention,
the spiral nenbrane nodul e conprises a feed spacer is a by-pass spacer
conprising a feed by-pass. The 30 by-pass spacer preferably conprises a

planar foil a zﬁontinuowghéi%wmah&i Q{@dthgo%éé_mitt ughpahe dif ecldon at

both sides of the'foil, and wherein the foil nprises a feed by-pass

arranged to agitedwuabienenttloftaddui @lsbepnkvhsh poagevudi vdl ai r éetson.10ND

2006/ 015461 RCT/ BE2005/ 000127 9 [0027] The nenbrane of the present

i nvention caf>preferably withstand a backwash pressure of at |east 10 .
bar. [0028] AronZsdr aspectandthdre pressrit ioferitiieon pressontceritsremtieihod

for providing a integrated per te chanpel nenbrane, co ising the
steps of: °ProAdwg a%[f“%%%cg‘raaﬁp&brp’éo’ﬁb, 3sianglﬁﬁe§5?fé arﬁ?lq?e(%@r
surface fabrig,spaced-apabhebycompefdiamame shepadorat a predefined

di stance, and 10 Applying a nmenbrane |ayer to said upper and said | ower

surface fabric. PFO02@Indhe sipsphcepplipbmdgct monmisiage drayepper and
preferably consists _of a.coat} : i.tah p it | f. said
} Blrdr O P L0 faf}%%icte %%éa‘té"e 5a§a99 ﬁy?ﬂﬁd eo%;l?a%ngu t%ﬂ:et%ﬁi
a

dope to forma TENDr ane ayer mul t pornts W sai d
upper and | ower atabrpredesiiirat @isthecdopenddvant ageously conpri ses:

hydrophilic filler material selected fromthe group .
10 e Applying a membrane iayer to sald upper and said lower
gsurface fabric.
[0029] The sgtep of applying the membrane layvers
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:
e 2 hydrophilic filler wmaterial selected from the group:
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEC, TiOg,
HFOy, BAl,03, Zr0,, Zr3(POg)s, Yo03, Si0,, perovskite
20 oxide materials and SiC;
e an organic binder wmaterial selected £rom the group
conslsting of PVC, C-PVC, PSf,-PES, PPS, PU, PVDF, PI,
PAN and their grafted wvariants; and
e a solvent sgelected 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 meodule 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.



consi sting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO, TiQ2, H02, A1203,
Zr02, Zr3(P04)4, Y203, Si02, perovskite 20 oxide materials and SiC, an
organi ¢ binder material selected fromthe group consisting of PVC, C PVC,

PSf, PES, «wBRtwsitdds: PVDF, P, PAN and their grafted vaidy#ibgeseadsds 2a
sol vent selected fromthe group consisting of NWP, 25 DWVF, DVSO or DMAC

or a mxture thereof. [0030] Another aspget of the present invention
concerns the use of a menbrane or nenbrane nodul e according to the

present invention for water filtration and/or wastewater purification. 30

Short descri pBP¥M of the digwi RgLePUGSENCRI §. C2Pr EPFelEht 18" sPdeviBw of
~a 3D spacer S%gpéfcf WQ 2006/ 015461 PCTBE2005/000127 10 [0032] Fig. 2

represents a top sur?ace view of a 3D spacer fabric. [0033] Fig. 3 shows
a detail of fA@3%bnnecti ofigbet deetheperd aR@tRréheroSurilice cpynection

nonof i | ament s, 034 i S8 i ew (SEM picture)
of an | PC eair:r‘ger%r?algpeé ea{cag}ddﬁﬁgg% \3%'21 %ggégeggﬁﬁ&ﬁ%%\r}?rﬁeﬁg% wth two
menbr ane Bay&0834ppl i ed byigoat éngskewes phaseoiaveesibmdpr oodsy [(6BN5]

Fig. 5 depicts a cross-secti |l view .10 (optical..phot.ograph) of an
P NBR nembPAAEEEERorhr G (Y P TSR EIHR o v 18 RerBPaRe
| ayers appli eflvbyricoakifly awnd phabeahaviagenn ppprisd Pgameabtknhrand as

represented in fig, 4). [0036] Fi 9. 6 schematically represents an | PC
phase~inversion process.

[0035] Fig. 5 depicts a cress-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).
[00361] Fig. 6 schematically represents an IPC
15 membrane according to the present invention.
[0037] Fig. 7 eschematically represents an 1IPC
membrane plate according to the present invention.
[0038] Fig. 8 depicts a schematic representation of
a cross-section of a special feed spacer. .
20 [0039] Fig. 9 draws a schematic representation of a
cross-section of a special feed spacer with by?asses.
[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

crass-gection of a spiral membrane module.

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

gpiral membrane.

30 Detailed description cf the invention

[po43] 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 lavers.



15 menbrane according to the present invention. [0037] Fig. 7
schematically represents an | PC nenbrane plate according to the present
invention. [0038] Fig. 8 depicts a schematic representation of a

cross-seqkbg&mﬂﬁﬂgispeciaI feed spacer.. 20 [0039] Fi@CTﬁm?&@ 18
schematic representation of a cross-section of a special feed spacer with

bypasses. [0040] Fig. 10 depicts a schenfiic representation of 4 spiral
| PC nenbrane nodules in a 240 inch | ong pressure vessel upon
back-washi ng. 25 [0041] Fig., 11 shows an overview picture of the
cross-secti or98f4 spiraltﬁﬁﬁbréﬁgeﬁﬁéﬁﬁé. Feouert € Chapnalhowembrgaeai

along line AApcOfefbrafty al LEBTRLEDE. 30mPeialledygdescripti on,af, Lh
invention [0043] In the present invention, a novel nenbrane is preseéented

conpri si ng acpeemehuenthannel. This is nade possible by the inclusion of

a 3D spacer fabrig hetween _t nbrane_ L ayers. WO 2006/ 015461
PCTBE2005/ 000127 1% ﬁ%%ﬁac\‘%%i 5%%%%@%?‘5% Permeat e Channel menbrane

(1 PC-menbmane) basi cald yheatiphbskayvéhe two following constituents: A

3D spacer fahri and _5 ~ _Two nenbra | ayer.s [ 004 e 3D spacer fabric
is preferablaoﬂéaé by %hekﬁ%?fPﬁQEBpéggpPéﬁ 6§.gﬁr%§g%? sché gkﬁﬂftﬁng
machine). Theispagsr Jpakkieohs @HOIBH 8f rRbwensur kacethabr ieEHide)3)

(knitted, woven or non-woven type of fabric) at 10 controllable distance,
which are ti é8et §BEREr LT FHureeseds osphver ShoFetes | BRiics HRead) (4)

per square CfMnitted, woven or non-woven type of fabric) at

10 controllable distance, which are tied together with
hundreds of spacer monofilament thread (4) per sqguare cm.
An example of such a 3D spacer fabric ig shown in figure 1,
2 and 3. The ccnnection 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 lavers (2,3} :
ig determined by the length of the spacer monofilament -
threads (4) between the loops (5) and may be varied from .
0.5 to 10 wm. 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 subseguently formed by the phase inversion
process (coagulation in non-sclvent). 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 wvariants (sulphonated,

30 acrylated, aminated ..), an aprotic solvent e.g. DMF, DMSO,
DMAcC or NMP, and filler material (polymeric like: HPC, CMC,
PVP, PBVPP, PVA, PVAc, PEO and/or inorganic like: TiO,,

HfOg, Alg0g, Zr0s, Zr3z(POg)s, Y9053, Si0,, 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 nmade by loops 5 in
t he spacer nonofilanent threads 15 4. The distance between the two surface

fabric | ayelsacldsssy 1S determined by the length of tRersRa6R00127
nDnofllanent threads (4) between the | oops (5) and may be varied from

0.5 to 10 mm The structure of the prefgqred surface fabrics is shown in
figure 2. 20 [0046] The nost preferable %C nenbrane is made by the
coating process. The IPC nenbrane is formed in-situ by a sinultaneous
coating of bwehesiriacesiQuppiie di1sseient nagnPe3Wasert NEPRHEt PBESSpacer

fabric with npoprang, 8Re og‘-heo?é g@%ﬁnewhée§‘1b§§%&5&h¥eé059‘9%% t he

phase inversion proc (coagul'ation in' non-solvent). The menbrane gope
may cont ai nwanky tw@emaﬂt1nnqﬁnaprbtmde50@ﬁanU$aI polyner from the

non- 11 ing segpS: RYG CRUC, PRl PEIGPPS oo PYRE, P1. PN and

their grafted Var ants nat e am nat ed ...), an
aprotic salvent e.s. Q@M&erDNEGbrlEmwprepaf&mhomuuhﬁaﬁI emgmm&eriéhbric
(polymeric |ike: HPC PVP, PVPP, PVA._PVAc, .PEO and/or inorganic
like® Ti02, HFO2, Al(é%%tzﬁoz W33y pBE) zP‘f’J S 04V HE H%ki PRIGRFde WO
2006/ 015461 PCT/BEZOQ&&&Qﬁlék;éMﬁjﬁﬂﬁwja#értf&im pdae: en- sadvephcary be
wat er vapour phase (water vapour or cold stea m xt ures of

water wth the mentif@r&dCaprRieEeents. [ tForg%kﬁnplgrmatlop

fabrication steps can&pendiSnagercd abkid Craepatabroniskepiospacer fabric
(knitted, woven or non/woven) unw nding; spacer fabric U|d|n% into
-p

vertical Y8osition andrssedertafst | eoaptshdFREPE o SEFEVEATSPR? d APBPHELI on
gide coating of dope with a double-sided coating

system and automatic dope feeding on both sides of
the sgpacer £fabric (same level at both sides) to
obtain a dope coated spacer fabric
15 ¢ Surface pore formation step: contacting of the
double-side coated spacer fabric with water vapour
phase. It 1is 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
s Post-treatment step: washing out of chemicals in a
25 water reservolr

e Drying step: drying of the product

[0048] By this in-situ membrane formation method the
conztituents (the knitted spacer 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.



(perpendicular to the fabrication direction) 10 Spacer fabric coating
step: sinultaneous doubl e- side coating of dope with a doubl e-sided
coating system and automatic dope feeding on both sides of the spacer

fabric ( gk, at both sides) to obtain a dope cogiastmBa6eE fabric
15 Surfz‘gfe;%pdg}r?% klor mati on step: contacting of the double-side coated

spacer fabric with water vapour phase. I3:t is also possible to obtain an
asynmetric spacer fabric-reinforced merr ane with different pore size
characteristics at both sides by 20 applying different conditions on both
si des of thel086pk coat ed Ié’paééEuF%ri‘ga BuPRY oP et i oW RtE: E88§Hrati on

of pr Od“Ct.iQEBtg oot vater bath SPast-treat nent spep: nwABhiAg, outhaf
chemicals in“a 25 Water reservoir Drying step: drying of the product

[ 0048] By t hinenpfisameniretrandst of nar¢ ostiethodledrely cvastpitentdifehe
knitted spacg)htflabﬁ_lﬂgr an;jsét}@gfatg\ég §9e rre&?; ang.l.ayar sy ke Epn%%@gge

i nked to ea ot her . ue to the tact that the nenbrane iIs forned
on top and i{ngide)of the spacer fabric itself. WO 2006/ 015461

PCT/ BE2005/ 000127 13 [0049] In figures 4, 5 and 6 a typical cross-
sectional view is given of an | PC nenbrane. The nonofilanent threads 4
are still cl gaobygivisi bl e,Fhidec 5batdh kabrogt stalf apbstageapow «dovehed
with a nenbrane 5 (12,13) [0050] _Figure 5 is an opﬁgi cal Ephot.ogrragh of the
cross- sect i ORLEFSaRSF P e br &t TRde TP s eI T ersi dipass-tnversion

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;
s the two membrane layers 12 and 13;
¢ the monofilament threads 6 of the two surfaces inside
the membrane structure
[0052] it can alsc be seen on these cross-sectional -
20 wviews that the loops (5) of the monofilament threads and
the multifilaments of the fabric surfaces {(3) are embedded

in the membrane lavers.

[0053] From these figures it 1is clear 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 cof 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, menbrane



process. Figure 4 is a FESEM picture of the cross-section 10 of the sane
| PC-nmenbrane- as is shown in figure S. [0051] The typical cross-sectional
view of the IPC nenbrane shows the typical conponents of the |IPC

menbrane: oo Shfdfa 4] titude of pillars (spacer fabric nopefdd:aBRRON12715
threads 4) between the two nmenbrane |ayers 12 and 13; the two nenbrane

| ayers 12 and 13; the nonofilament thregds 6 of the two surfaces inside
t he nenbrane structure [0052] It can al SO be seen on these cross-sectional
20 views that the |oops (5) of the nonofilanment threads and the

mul tifil ament s S3EtERSAEABR cVARRPHRAGR IER igfe BREEBBBHEE TP 1 P HEIAS ane

| ayers. [0053] 5%?9"%%285(? figures it is clear that the nenbrane |ayers
are unbreakably Finked with the spacer 25 fabric by the multitude of

anchor age posntss, PreRent i esif eat uneseiscisheck PG frendrane 1i0054] ©sa-of
the key features of the I PC nenbrane is the presence of an integral

per meat e chann&XChpREsT 30iper MRPETERINNet 1 TE GisePETRFBRH) 1 £ nt 7
applicatigns: afeq;rtrg%r&ggﬁt_e wi t hdrawal in MBR application, as well as for
e.g. ultra- and mcrofiltration, menbrane WO 2006/ 015461 PCTI BE2005/ 000127
14 distillatii8d55Vapour paheeaticbarapgefyapRran i HAfd IS TrasgpardErsn.

For i mmobiligati 0 in bt Ol gl Qe exehangerin sppparted
liquid nenbrgﬁest%%n%cﬁ aﬁlﬁ%%%rtlér agtg?gjﬁc TOOSS}J Thg ancho?gage?adhgsi on of
t he nmenbr aneihayesson oprvkeskPO senbEagers alsi coe edtey Ihittewwht srgeand

phase invergign, progess, (see figyre Shnip the kBLUtEhSPAGK by the
10 multitude of anchorage points. :
[0056] This property is i1llustrated by burst-
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 bar.
[0057] This property makes of the IPC-membrane an
excellent back-washable flat-sheet (MF/UF) membrane.

[00581 Moreover, it was found that the formed
20 composite material structure is also guite rigid. The IPC
membrane azs a whole is guite 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
spacer 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;
- its back-wash ability;
- its rigidity.



fabric is very strong. This can be explained by the 10 nultitude of
anchorage points. [0056] This property is illustrated by burst- pressure
measurenents with silicone oil (having a viscosity of 50 tinmes higher

t han vat e found that the two nenbrane |ayer ach at
pressures evgﬁﬁnﬁﬁfo 15 bar. [0057] This propertylﬁ: g&%@m@%é

| PC- menbr ane an excellent back-washabl e fl at-sheet (M-/ UF) nenbrane.

[ 0058] Mbreover, it was found that the for med 20 conposite materi al
structure is also quite rigid. The IPC nenbrane as a whole is quite rigid
after drying. This is rather unexpected considering the flexibility of

t he spacer c itself e t eﬁygyg'l- n ds
at the surfa£€§§%%rlcs. TﬁlSHCJ%%%GQ§§%%2?%EEBB%@the 5111:1%%E raklbse
fixation/ine@ﬁngrahhmhreﬁethexhdnofcbaneptSIant sPpiheat spaeecafiabrec

into the nmenbrane structure_ of t nenbr | T y
especial ly e%%%ﬁ%%??é)Wﬁﬁ&at?%féggsﬂ? %%%e(e E%gséét T énf%%g é
Hence, the nﬁﬁﬁﬁhéﬁfﬂmﬂdéﬁxaﬂgatﬂyaﬂdaSndﬂ}mmaﬁhnageeaampndsngeEOrihed
present invention are: - the presence of the integrated spacer channel; -
its back-waskREBRiity; - its rigidity. WO 2006/ 015461 PCT/ BE2005/ 000127
15 [0060] Fromthe aforenentioned properties various novel nenbrane
nmodul e concepts and applications can be generated with the I PC nenbrane.
The present dpREieaiPdss 5 further illustrated by two non-liniting

exanpl es descrihed \menfLan-ARP! h&Rl1 ONSncept :

10 Membrane Dbioreactor (MBR) according to the present

invention:
fooel] This novel concept for submerged membrane
bioreactor is named IPC-MBR membrane module concept. For
thie application the integrated permeate channel is used
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
ig a suction force applied from the integrate permeate
channel gside.- By this action water with
20 micro/ultrafiltration guality is generated from the active

gludge 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 dome 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
regin, or any type of rubber, or a hot melt, or by any type
of welding operation. The other edge(s) remain open and isg
30 (are) sealed tec 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 intc the vertical position (on top), so that gases

can be easily evacuated.



2. | PC-MBR nmenbrane nodul e concept: 10 Menbrane bioreactor (MBR) according
to the present invention: [0061] This novel concept for subnerged
menbrane bioreactor is naned | PC-MBR nenbrane nodul e concept. For this

applicati JobGnk{t egrated perneate channel is used 1@6&?1?@:2%5909615?"“ ng
perneate froman active sludge system wthout the nee or speci al

nodul e concepts with separate permeate:g acer channels. The driving force
for pernmeation is a suction force appli fromthe integrate perneate
channel side. By this action water with 20 mcro/ultrafiltration quality

i s generated[PPEA the actiWe R udmfEsy stEMMER0GEAFo enBBY eDEHE kSt i on
force on t hefgﬁﬁ%?flgedﬁﬁ%@,ﬂgﬁpng' rstdy the sopgabled " LEC NBRplakes”

have to be rea . This 1s done by closihg at |least two (preferably
opposi te) edgesibficeéhion PG MBRbTefocand -§ (iske P g 63 & & a7 hewighh
seal ant 7 such _as_ap epoxyl hane type of resin, or any type of
rubber, or a%ﬁ(?{“ e th %CF %@Qéacyn;jﬁ/pe of wel di ng operation. The other
edge(s) remain open and is 30 (are) sealed to an inlet/outlet port 8, to

enabl e t he [ te to be, evacuat ed to ke, fed, bac T opposite
edges with tﬁgogg?et/outl © p%ﬁm f%rlgg%h@ﬁ Bt & ng%l ?P% a%eggla%t:‘% the
vertical poskkiop1besdtoprtiseiifaingasesys Catohieiedsid v evdedatad. o¥O

2006/ 015461 PCT/ BE2005/ 000127 16 %0063}( The so-fornmed | PC-MBR plates 9
may have thethese| RFnERi ReAEFBhsPPBI CtAREPLAPoR eIOPERRSE et &r EO L0

purificationgma wrghh d4m Qrhe t Q1UBwiRy 2 40r andpa1BEl Obd  Jd=@m @nd mto
up to 2 qu membrane. The IPC-MBR module is now ready for use.
[D065] 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-gpiral UF membrane module concept:

IPC-spiral UF membrane according to the present invention:
25 [0067] The IPC membrane sustains back-wash
transmembrane pressures (TMP) in operation of above 10 bar,
assuring long wmembrane 1ife. 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 gpiral
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



[0064] To forman MBR nodule, the IPC-MBR plates 9 are placed vertically
in arrays (containing a multitude of these | PC-MBR plates) positioned at
a distance of 1 to 10 nmfromeach other allow ng air bubbles to pass the

10 nmenbrape. o thgskPC MBR nodul e is now ready for use. AR3deshbREEr ably,
an aeration systemis placed at the bottom of the nodule, which serves

for cleaning the nenbranes and for oxygﬁp supply for the bacteria of the

active sludge system 15 [0066] The constituents of the | PC-MBR nodul e are
thus: The ! PG nenbrane plates with at | east two cl osed edges and at

| east one edgeedi £ATi Bl PELBGRELEt SPBFES 2BRCAr FA§s BFTPRESePPPESPRatBE AN

opt i onal aer%gpn,e@x%éﬁge %rkaeegoagoraet%mhﬁ@asw aln OF ey age ppdul e

concept: |IPCspira rane according to the present invention: 25

[ 0067] The | PGacenbrlamedusimdildgitsack- wash transmenbrane pressures (TMP)
in operation of above 10 bar, assuring |ong nenbrane life. The |IPC
menbranes for this purpose preferably have a thickness in between 1 and 3
mm I n fbBgufeodd] a schemati dsdredwiongeicongevndadoftot heel BCepprial £36d

nmenbr ane nodul e concept. 0068% %he | PC neqﬁr%ng | eafs 32 are connected to
the central pBRABAt 8°PuE 31PTIRTUSES PPRE The “E€nVeFspeikés- F'8he

types. In thaetPCl &piv+idw nehbtianer B0 ddiefg 115 AemPa2806105646hke line
PCT/ BE2005/ 000127 17 need for a permeate spacer since the distance
bet ween the 2tHh0 nEhbraRe<s6Pf5Ces s el i féd by™E hETERGErest t A

spacer threagsmbPhhd@r$) with integrated permeate channel, feed spacers
19 33 and by-pass spacers 34 is shown with their respective
dimensions for a preferred embodiment of the invention.
fog701 The sgpecial 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 medule 30. The spacer
consists of massive PE, PP or PES foll 22 with continuocus
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 ketween 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-pase spacers 34 are also recommended

to enhance the particle expulsion power during backwash

operation in bigger modules. In fact it is guite 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:



5 [0069] It is also recommended to use a special feed spacer and to
i ntroduce special by-pass spacers. A nore detailed view of the |IPC spiral
OF nenbrane along the line A-A is represented in figure 13. The

ar r angenegt, -afs014ror anes 32 with integrated perneat e pgligragsoodieed
spacers 10 33 and by-pass spacers 34 is shown with their respective
di nensi ons for a preferred enbodi nent of,the invention. (0070] The
speci al feed spacer 33 is recomrended to ~ enhance the particle expul sion
power during backwash operation. This is achieved by guiding the |
concentrate ®o T& t Rersio fuopsiges B Fhe HfdkbrieiR RBUGLELS0.5XPNE SdFRCer

consi sts of masgi v R QL bn22 1w Eh-GeRt h pUQUS 4 of kBSH23 &L both
sides of the foc?%gl%ﬁ?aﬁ%?%%l ogrééidl n ?he I onai tudi nal di reéti On'_(c)}f tE’t he
menbr ane nodul eprelrrteotwadssel tid ckmegs with ht smaoheingpaedrles pEeférabl y

between 0.5 20 an ?%gggr%h&rin%hae' etS beéh\@e%l%e%t%Qel f%?_ dhefoil

t hi ckness bet wedlf I stance between the ibs on the
foil is preferabl nabetoseepads arthr3dghmti0074¢d Fisgares SanuodubdowD,

schematic 25 representations of the special feed _spacer [0072],Th
by- pass Spacer SIS F HSTH CHTHTORGRAC 6 SHRaREIS: e Bar CreFBroy

e par Pcl 8 exBUIsion
power during bagkwasihacepeat meduld Di ggensaddidbesthd red@disiion o qhiet e
simlar to the special feed spacer_33. Mieover it cantai a_feed by- 30
pass 23 (see fi¢RHEIPFAtEOGTIT TREULEel - byl P’ P TTHE By p& ¥acer
has two funCtié§$§ MR 2006/:0kedfle PLTEBE20Q5/QRQEAErat8 ofhRodhIstn.

elp

function is to the particle expulsion during backwash operation. In
figure 100a 340rTheichetoml fpnessureivedselhdly stowdiakrhbitereiheangead

modul es of 60 water through all modules of the pressure vessel and

especially the modules in the middle upon filtration

(modules B and C).

[00741] Thege 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 aveoid
pressure loss.
29

Industrial Application
[0075] Applications for the wembranes according to

the invention are numerous and include MER,
microfiltration, ultrafiltration, membrane distillation,
25 pervaporation, vapour permeation, gas separation, supported

liguid membranes and pertraction.

Abbreviations:

f00761] The following abbreviations are used:
30 e HPC: hydroxypropylcellulose
e CMC: carboxymethylcellulose
e DPVP: polyvinylpyrroiidone

e DVPP: cross-linked polyvinylpyrrolidone



i nches [ ong. Upon backwash the concentrate fromnodules 5 C has to pass
t hrough the feed spacer of nodules D, which is being back-washed at the
same tinme. So the by- pass spacer of nodule D is used for the expul sion of
t he conc&&tz?@syoq kfomnodule C. Simlar operation for gdigbesopass spacer
of nodul e the concentrate of nodule B. 10 The second function is to
help to distribute the feed water thl’OLi%h all nodul es of the pressure
vessel and especially the nodules in the mddle upon filtration (nodules
B and C). [0074] These functions are inmportant for maintaining 15 a
st abl e transnerbrzvie: prassumy l@TvPhodver a | ong period, and for
post poni ng chem cal cleaning of the nenbrane. Due to the |ow
transmenbrane fr eR%RE e BN YORYHGMERREnbr anes, nodul es are pl aced
hydraulically in al | ef [ .pLessure | oss. 20 Industrial
Appl i cation [0675 pé(:;le%%t?l n\sé e%?ﬂteﬁe menbr anes according to the
invention are rRunMBvOUS wild~tingiiddeolBRe mcrofiltration, ultrafiltration,
menbrane distillation, 25 pervaporation, vapour_ permeation, gas
separati of, suppoEtBY 1 iduiarifevscaresyERay perteads on. Abbrevi ati ons:
[0076) The foll ov%gg abbrevi afihoglsé are used: 30 HPC
hydr oxypr opyl cél | st PONEY (?arqboxymet hyl cel | ul ose PVP:
pol yvi nyl pyrrolg dpggy ng%ii g{{l%ﬁﬁ)ﬂei nked pol yvi nyl pyrrol i done WO
2006/ 015461 PCTBE2005/ 0 012‘% 9 PVA: pol yvi nyl al cohol

e PPS : polyphenylene sulphide

e PU : polyurethane
10 e DVDF : polyvinylidene fluoride
e PI : polyimid

¢ PAN : polvacrylonitrile



PVAc: pol yvinyl acetate PEC. pol yet hyl eneoxi de PVC pol yvi nyl chl oride 5
C-PVC : chlorinated pol yvinyl chl ori de PSf pol ysul phone PESU :

pol ysul phone PPS pol yphenyl ene sul phi de PU : pol yurethane 10 PVDF :
pol yvi nyl i dene fl uoride Pl polyimd PAN polyacrylonitrile 20 CLAIM 1.
An integrated perneate channel nenbrane,20conprising a perneate channel
consisting of a 3D spacer fabric having an upper and a | ower fabric
surface (2,3) 5 tied together and spaced apart by nonofilanent threads (4)
at a predefined distance, wherein the 3% surfaces and the

monof i |arents of the 3D spaceg,fabeig.aied inketi. Loans{Shehn-Lhe,

nonofi | anment threads, said perneate ~channel” being I nterposed between two
nmenbrane | ayempr{32nglta 18prmeberei chaaiel meshsase ihgyers ar eBD | akedeat a

mul titude f_points with saldu er adlo r fahric.surfac an

| oops are e%ﬁ@&&@d RS daﬁeﬁﬁjraﬁ%e Fayers. eﬁ'h% :%ﬁﬁr a‘?ﬁar g?ng
claiml1, 5 whetel tdhe Habrdry %ﬂéc%@sdéir’é)bﬁrﬁoﬁéfﬂl&ﬂéﬁ% ednrupyen 43,5 or
non-woven type. 3. The nenbrane according to claiml or 2, -wherei n t he

di st ance betfieen Riredehperd agdstenet  f abeireins difaceaties pet fwens 025dand
10 mm 4. The TENDr ane 4ec 191{%’ 89 tt‘%uea”%c’fséaf?:%r 20, 6L 8L M8 L 10 Feo ELEI N

the 3D spacer "conprises
loops (5) in the monofllament threads, said permeate

channel being interposed between two membrane layers (12,
10 13), wherein said membrane layers are linked at a multitude
cf points with said upper and lower fabric surfaces and
said loops are embedded in said membrane layers. |
2. The membrane according to c¢claim 1,
wherein the fabric surfaces (2,3) are of a knitted, woven
15 or non-woven type.
3. The membrane accerding to claim 1 or 2,
-wherein the distance between the upper and lower fabric
surface lles between 0,5 and 10 mm:
4. The membrane accordlng to any of the
20 claims 1 to 3, wherein the 3D spacer comprises a material
selected from the group consisting of polyester, nylon,
poiyamide, polyphenylene sulphide, polyethylerne and
polypropylene.
' 5. The membrane according to any of the
25 claims 1 to 4, wherein the membrane layers comprises a
hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEC ,TiOp,

HfOp, AloO3, Zr0p, Zr3(POg)s, Y203, Si0p, perovskite oxide

materials, SiC; and an organic binder material selected

30



selected fromthe group consisting of polyester, nylon, polyam de,

pol yphenyl ene sul phi de, polyethylene and polypropyl ene. 5. The nenbrane
according to any of the 25 clains 1 to 4, wherein the nmenbrane | ayers
conprises a hydrophilic filler material selected fromthe group

consi sting of HPC, CMC, PVP, PVPP, PVA, 2®VAc, PEO ,Ti 2, H02, A1203,
Zr02, Zr3(PX)4, Y203, Si 2, perovskite oxide materials, S C and an

organi ¢ _bi ndepmmater isg?ﬂOLgﬁl 86h80s80ngd 1l oxf rram,t he-myoupreensisigug mis PVC,
G PVC, PSf, PESU, PPS, U PVDF, PI, PAN, and their grafted variants. 6.
The nenbr anBUac&¥PHi ngIt oPANy ondt heelr| araktad teaslamher ei n sai d nenbrane

is planar. 5 7. The nmenbrane fﬁéir%éHﬁyéHéi a%g&%gggg cggprgﬁgngo§ sﬁgéant

(7) or weld at the perinmeter of the planar ran€ arranged to prevent
direct fluidlabmenento fyowherctin shedpesmeades chanmednad f hout passing
through a nenbrane layer, and an inlet/outlet port (8).conpnection.in 10
fluid comnection with thé7per%%%té“%mﬁﬁﬁﬂﬁ. & Aherbrare bbor ebddigier

modul e COWEB&bBQs%ﬁ?h? rays PAndTeNdy ages \as d _rw'@ﬂugﬂ %rgme_{@% EThrane

according to any o claims 1 to 5, wherein sai nbrane is spirally

wound 15 apbendranmesbtreale perresde t ubepE8T¥nt 101 rAcspiflalidrendvament
nodul e (30)

Compr i ng. 5708 Fraid ai'S nREFET0hen CHBIT aea by "6ard ST O ani cpah =
nul titude ofefiBRBAANESYES?) aQL Qirdiintg &t Gltdied Dord0 wWher&bimdder perigat e
channel of said nmenbranes is in fluid connection with the inner |unmen of
sai d Ceﬁpraﬁlgégnggﬂ@ection with the permeate channel.
8. A membrane bioreactor module comprising
an array of membranes as in claim 7.
9. The membrane according to any of the
claims 1 to 5, wherein sald membrane is spirally wound

15 around a central permeate tube (31). |

10. A spiral membrane moduie.(30}, comprising
a cylindrically shaped centrai permeate tube  (31)
comprising a wall and an inner lumen .defined by said wall,
and a multitude of membranes  (32) according to claim §,

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.

11. The spiral membrane module as in claim

25 10, further comprising feed spacers (33) interposed between
said membranes.

12. The spiral membrane module as in claim
11, wherein the feed spacer comprises a planar foil (22)
and continuous ribs ({21) positiconed at both sides of the

30 foil (22).

13. The spiral membrane module as in claim 11
or 12, wherein a feed spacer 1is a by-pass spacer (34)

comprising a feed by-pass (23).



tube and said nmenbranes are spirally wound around said central perneate
tube. 11. The spiral nenbrane nodule as in claim 25 10, further
conprising feed spacers (33) interposed between said nenbranes. 12. The
spiral menbrane nodule as in claim 11, wherein the feed spacer conprises
a planar foil (22) and continuous ribs 421) positioned at both sides of
the 30 foil (22). 13. The spiral nenbrane nodule as in claim1ll or 12,

wherein a feed spacer is fgbyripasspiRacermémddans omRiGhSendy @ E@pdcpglﬁass
(23). 22 14. The spiral nenbrane nodule as in claim13, wherein the

by- pass spacér ¢¥Bayeconpheses- BapBaﬁBﬁCﬁéll34(2Q?manu8@©n@|ph@usrrfbsl(21)_

positioned | |_ongi t udi.nal _ di.r. ctl ot.h sides, of _t

and wherein ?HZ oﬁon((j%fﬁ S ses&(:lEL e b lopnaes 23 g??%ﬁ ‘éﬁg%i

al | ow rmveeraatec@&oﬁl WtdHddh tdhedd ongit udendbidi r@et)i,onndlSvh&r&et hedef or

prOV|d|ng a |ntegrated per neat e channel nenbrane conprls%¥g the steps
Pro%i difRgla BB)s St ¥3a i E6RPr PYIRESan (dpperd rdgerD touetlow

surface fabpbGe2nd) okl ed iaget oty andosnacedsnapast -y mpol i | ament

thread (4) at a prede i stance , ying a nenbrane | ayer to
sai d upper and said Iomer15$u$famethaﬁr|édn)fpnunﬂﬂiﬂgnegrainpegnﬂaéé
channel 15 nenbr ane. hod accordlngF erein the

t
step of appP?FW&aFﬁecﬁﬁﬁﬁﬁ n@eg§§§Pe00ﬁ§WEF§ 805 B@ %?ep with a
dope and Coag%laéx}fcﬁ’u?% sai ghdope Lo Forma %%@%ﬁn'gaygﬁ Ligked & 4a

mul titude of points w
10 lower surface fabric (2,3) tied together and spaced

apart by monofilament thread (4) at a predefined

distance , and

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

16. The method according to claim 15 wherein
thé 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

20 said upper and lower fabric surface.
' 17. The method according to claim 16 wherein

the dope comprises:
e an hydrophilic filler material selected from the group
consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PED, TiOjp,
25 HEOp, Aly03, 2Zrl0p, Zrz{(POg)s, Y303, Si0p, perovskite
oxide materials and SiC;

e an organic binder material selected from the group
consisting of PVC, C-PVC, PSE, PES, PP3, PU, PVDF, PI,

PAN and their grafted wvariants; and
30 e an aprotic solvent selected from the group consisting of

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



20 sai d upper and |ower fabric surface. 17. The nmethod according to claim
16 wherein the dope conprises: an hydrophilic filler material sel ected
fromthe group consisting of HPC, CMC, PVP, PVPP, PVA, PVAc, PEO Ti02,
25 Hf 02, A1203, Zr02, Zr3(P04)4, Y203, Si02, perovskite oxide materials
and SiC, an organic binder material seldted fromthe group consisting
of PVC, C-PVC, PSf, PES, PPS, PU, PVDF, PI, PAN and their grafted
variants; and 30 an aproigc $obvent sel eehedaheomsthengnaypngonsssting of
NVP, DMF, DMSO or DMAc or a mixture thereof. 23 18. Use of a nenbrane or .
menbr ane nodgkerdéner 8Pngnvocanyhef ciheéme| i w8 14tBou4weperwat ekration
filtration [.ar e r n. 19. The nenbrane as in any of
the clains f%@go%w\%%%\%\h‘éq%g%g gg?éﬂ&%ﬁ%ﬁe can wi thstand a backwash
pressure of at | east 10 bar.TRH. mésleraie aasrenbrang af cokdi Az ivs anyrof
the clains to 14 or 19 for mcrofiltration, ultrafiltration, MBRs,

per vapor &t i 814 WREHB 8N & 231 s 9IRHFTGN Casrhﬂﬁd?rf%(fnﬁoa IlPﬁ%i(‘ﬂa%W%%%%re
and/ or pert r%CTaItOF_EeaSt 10 bar.

20. Use of a membrane according to any of the
claims 1 to 14 or 19 for microfiltration, ultrafiltration,
MBRs, pervaporation, membrane distillation, suppcrted

10 liguid membranes and/or pertraction.



