‘WO 2010/015345- 1 -PCT/EP2009/005471 FILTER MODULE AND SYSTEM HAVING SPIRALLY
WOUND MEMBRANE FILTERS, AND METHOD FOR THE PRODUCTION THEREOF The present
invention relates to a filter module having 5 spirally wound flat filter elements, to a method for the
production thereof and to a filtration system constructed from the filter modules. Filters having a spiral
winding are known in the prior 10 art. DE 2 213 165 discloses a filter of this type, in which the filter
cartridge consi8fs cfGlMiiLfayép cloth which is wouhd-up spirally ahthasHaGGpIusité 7dpiral end
surfaces. The layers forming the cloth are sealed in such a manner that the fluid entering the 15 filter
cartridge through a spiral end surface has to flow through at least one filter surface before being able

to leave the filter cartrid in. ilter. layer. e ins s having a
high pore vqur%‘éJ.CJAtﬁrﬁggg}o %%w ﬁgn]p%%%éﬁ}éﬁe %r%%%ﬁggﬁ%@# %e@é@@# one of the

spacer layers. BYmeé&s ofthe (8e’6fa tHinBpatér 1Bjer dcothpactfiftBEeartridge having a large

active filter surface per unit of volume is obtained. 25 US 5,304,312 describes a sealed filter unit with a

first and second,ghd.cap.an ines ey aide. whelaln £1s eng cgps bave coppeptare LG spnnection of

lines for an untreated liquid to be filtered and for a permeate filtered out of said untreated liquid. The
30 filter umit contan< & fiter GleM@ntiwiich isarfsiged lements, to a method for

the productiocn thereof and to a filtration system

constructed from the filter modules.

Filters having a spiral winding are known in the prior
10 art. DE 2 213 165 discloses a filter of this type, in
which the filter cartridge consists of a multi-laver
cloth which is wound up spirally and has two opposite,
spiral end surfaces. The layers forming the cloth are
sealed in such a manner that the fluid entering the
15 filter cartridge through a spiral end surface has to
flow through at least one filter surface before being
able to leave the filter cartridge again. Each filter
layer is located between two thin spacer layers having
a high pore wvolume. AL least cne fluid-impermeable
20  layer 1z placed against the surface of one of the

-
L

spacer layers. By means of the use of a thin spacer
layer, a compact filter cartridge having a large active

filter surface per unit of volume is obtained.

25 Us 5,304,312 describes a sealed filter unit with a
first and second end cap on the end side, wherein the
end caps have connectors for the connection of lines
for an untreated liguid to bke filtered and for a
permeate filtered out of szid untreated liguid. The

30 filter unit contains a filter element which is arranged
between the end caps and consists of a spirally wound,
two—layer filter composite material which comprises a
filter layer and a liguid-impermeable spacer layer. At
the two opposite end sides_of the spirally weund filter

35  compoesite material, the edges of the filter laver are

each connected in a liguid-tight manner to the spacer



between the end caps and consists of a spirally wound, two-layer filter composite material which
comprises a filter layer and a liquid-impermeable spacer layer. At the two opposite end sides, of the
spirally wound filter 35 composite material, the edges of the filter layer are each connected in a _
liquid-tight manner to the spacer WO 2010/015345- 2 -PCT/-P2009/005471 layer adjacent on the left
and right. This construction ensures that the untreated liquid supplied via the first end cap has to
permeate the fifter ¥iie? fieSt58 ©rder to be removedzas-permeate atthe/Setond vHdCcah! 5 EP 1 256
372 A2 teaches a filter module which comprises a capillary filter mat wound spirally around a
perforated pipe. An untreated fluid to be filtered is supplied through the perforated pipe and brought

into 10 contactwith: thesspitally:wound capillary fittemat. By.meansef a presside gifferential between
the inside and ogtsgéd%gf thEr c%pill% filterstq:ge£rggatq 'f‘ fillltfreo! S?Ht 0 tlhe unt\g%aatedg uid an_d
removed from the interior oq’tﬁe capgﬁ/%ry filtes: Access To the fS intefior ot t%e capillary ilters is
provided by thé #W6 entlTside6f the SpirallRdtnd eapifany fifel Feat bein§ provided-with end caps
made of a castables eurablpmateriakand the endeaps ebtainedhbeingitto size stbstantially
perpendicglarly to the longitudinal 20 axis of the capillary filters.

EP 1 256 372 A2 teaches a filter module which comprises

a capillary filter mat wound spirally around a

perforated pipe. An untreated fluid to be filtered 1is

supplied through the perforated pipe and brought into

10 contact with the spirally wound capillary filter mat.

By means of a pressure differential between the inside

and outside of the capillary filters, & permeate is

filtered out of the untreated fiulid and removed from

the interior of the capiliary filters. Access to the

15 interior of the capillary filters is provided by the

two end sides of the spirally wound capillary filter

mat being provided with end caps made of a castable,

curable material and the end caps obtained being cut to

size substantially perpendicularly to the longitudinal

20  axis of the capillary filters.

The filters which are known in the prior art and have
spirally wound, multi-layer Zflat <£filter elements or
capillary filter mats have one or more of the

25 disadvantages mentioned below:

- in order to  separate untreated liguid and
permeate, a ligquid-impermeable layer 1s reguired,
which increases the wvolume of the filter without

30 contributing to the active filtration surface;

- the individual iavers of the flat filter elements
are connected to one ancther only at the edges,
and therefore have iow mechanical stability;

35 |

- due to the low mechanical stability, during the



The filters which are known in the prior art and have spirally wound, multi-layer flat filter elements or

capillary filter mats have one or more of the 25 disadvantages mentioned below: in order to separate
untreated liquid and permeate, a liquid-impermeable layer is required, which increases the volume of
the filter without .30contributing to the active filtration surface; the individual layers of the flat filter

elements are congggg ttg Qhear tg%r L%%@@l Qlelggg?}m%hgﬁeéoWilill%\z]&@\/\g:@eg%%mcal stability;

35 due to thefl 16w mechanical stability, |n%;he 3 productionand in particularduring the winding to
form a spiral, thé fl&EFER blentéiits &redustépliti® (& eRBRMFarftiRarpage eRid thetefbRe the
corresponding preducitongmethddswaredimited tarsinatiites Bxyee lenpths cembedpneitsaf the

invention seek tg oyarcame,the aboye-mentioned disadyantages and:te prayide.a filiermodule having

a spiral winding, the filter module having high pressure resistance and large individual filter layer
surfaces and be%rf'g"’@&éﬁﬁushable and suitable for use in commercial filtration systems. According to
the first aspect of the invention, there is provided a filter module which comprises one or more flat filter

elements pypung spitally abeut anaxisna frst £nd walland eptionally asecond,endiwalavherein each
flat filter element coripri es two filter membranes aglg a draina%eelaya?r E.Lajhrggd betw eTt the filter
Ic

membranB&reach fist filter Eiemaht RESfirst3Rd secondédge egiors which tun siibstantially in the
direction bBtherskis ands@ersehaled ima fluig-tightmaniiek teach nadhille elbachiBasiHigivd edge
region whigh:isseornectestodhadirst engnwall; the-third edgereginnis openadian outersige of the first

d wall; the third_ed ion | led i luid-ti ' [ ' ide of the first
el AR R T Mot SRS KA LA A0 Tedhon WCPS SLslea 1 a N tght manne

t
' . , edge region which is sealed in a fluid-tight manner in
relation t"EMRAKEL Sitle ahtitéitiotedly %8R %MFer side of the second end wall.

According to the first aspect of the invention, there is
provided a filter module which comprises one or more flat
filter elements wound spirally asbout an axis, a first end
wall and optionally a second end wall, wherein each f£flat
filter element comprises two filter membranes and a
drainage layer arranged between the filter membranes; each
£lat filter element hasg first and second edge regions which
run gubstantially in the direction of the axis and are
sealed in a fluid-tight manner; each flat filter element
has a third edge region which is connected to the first end
wall; the third edge region is open at an outer side of the
first end wall; the third edge region is sealed in a fluid-
tight manner in relation to an inner side of the first end
wall; and each fliat filter element has a fourth edge region
which is sealed in a fluid-tight manner in relation to the
inner side and optionally to an inner side of the second

end wall.

Further preferred embodiments of the filter module

according to the invention are reproduced in claims 2-15.



Further preferred embodiments of the filter module according to the invention are reproduced in claims
2-15. 3a According to the second aspect of the invention, there is provided a filtration system for
filtering a permeate fluid out of an untreated fluid3&8omprising filter modules as disclosed herein;
couplings for connecting the filter modules; and lines for untreated fluid and permeate fluid. According

fo the thig aspestqihe jnvention, these s praxided & metbd o, the prodyetion L the fiter module for

filtering a permeate out of an untreated fluid as disclosed herein, wherein one or more flat filter

elements PV RSt dndF LeEorRIbABIFHR LSS e sebietHR S G d JigREMBRREFartd Hading third and
fourth encside efigesrwhichtarezopsi of 3edléd incfigiditgfmonafndrre woodd i@ fotnaa spiral

body; the gpirah badysobtainad;iy provided, withafirstend wall by the spiral hady bejng east on the end
side with a |I§U€fled, curable material and the mater alféle%quen ly beln%%cured with the first end wall

enclosingREHTE dgBS im- 2 Hof- fight MRNFE? tiend Well SR RERTERY Fndehiiét on an outer

side in such a manner that the third edges are opened on the outer side and are available for the
conduction.f pesmegtedhid; the spiral-Bodydsaptionstly pravided vdthea secondienekwallby the spiral
body being, cast on he end side wit o%."%"%ié'e%zcué%@%i%%te%aﬁ ?g%éhefr{‘ﬂeé&?' subsequently being
cured, wi e’'second end Wwall enclosing the f lﬁ edges in a fluid-tight mannér and He end wall
being meékanhicdliytatéRitied cRSITEGER siEitHA SueH & ManFSt thatthe3ceeh édyéslarsopened on
the outer gitlecanshawe available fordheeonduetian ef perveate filid; and the spiedldvsytabtained is
optionally,preyided with a:housing. with thefrst g gida and-optionaly the sgeand end side being
connected In \g\lr?h% [ I?ﬁtgganner to the ﬁousing., e invent%n is eﬁ%ained%n more_detail below with

id-ti . .
WO 2010@115%@5‘?%9%@T}E?5’2’€%’9/09@517 1 reféidite tdhgdte SRWIERYH Biscridiiaticfistration:;
Figs. la-bsldow a filled ovodateswitiparlabititer Selenientrana ahlendiwal ¢gha pesspestiveaftd] and

section vigw, E19S-2a-Gshqw gectignabwews,gl filtet modules with twg end Wallsi nes i
provided with a first end wall by the spiral body being
cast on the end gide with a liquefied, curabkle material and
the material subseqguently being cured, with the first end
wall enclosing the third edges in a fluid-tight manner; the
end wall is mechanically machined on an outer side in such
a manner that the third edges are opened on the outer gide
and are available for the conduction of permeate f£luid; the
spiral body is optionally provided with a second end wall
by the spiral Dbody being cast on the end side with a
liquefied, curable material and the material subsequently
being cured, with the second end wall enclosing the fourth
edges 1in a fluid-tight manner and the end wall being
mechanically machined on an outer side in such a manner
that the fourth edges are opened on the outer side and are
available for the conduction of permeate fluid; and the
spiral body obtained is optionally provided with a housing,
with the first end side and optionally the second end side

being connected in a fluid-tight manner to the housing.

The invention is explained in more detail below with



Figs. 3a-cshow cross sections through filter modules 10having spirally wound flat filter elements with
spacers in between,; Figs. 4a-bshow perspective sectional views of a filter module with two end walls
and a housing; 15 Figs. 5a-bshow sectional views of two filtration systems each having three filter
modules arranged in a row; Figs. 6a-b show detailed sectional views of two
adjacentfiltermoduleswhichare 20connected by means of a coupling; and Fig. 7shows a coupling for
connecting twd'filteriheddleSivdperspectiveexploded itustration. 25Figs. 38 ahd %’ SKAW alfilter module
1 according to the invention having a spirally wound flat filter element

reference to Ifigures, in which, in a schematic

illustrations;

Figs. la-b show a filter module with a flat filter
5 element and an end wall in a perspective
full and section view;

Figs. Z2a-c show sgectional views of filter modules
with two end walls;

Figs. 3a-c show cross sections through filter modules

10 having spirally wound flat filter elements
with spacers in betwesn;

Figs. 4a-b show perspective sectional views of a
filter module with two end walls and a
housing:

15 Figs. bSa-b show secticnal views of two filtration
systems each having three filiter modules
arranged in a row;

Figs. 6a-Db show detailed sectional views of two
adiacent filter modules which are

20 connected by means of a coupling; and

g

|4.
W

L. |

shows a coupling for connecting two filter
modules in a perspective exploded

illustration.

25 Figs. la and b show a filter module 1 according to the
invention having a spirally wound flat filter element
60 and an end wall 2. The flat filter element 60
comprises two filter membranes {61, ©3) and a drainage
layer 62 located in between. The filter membranes (61,
30 €3) are preferably each laminated with one of the two
sides of the drainage laver ©2. In particular, the flat
filter elements 60 are manufactured from a ribbkon-
shaped, preferably flexible filter composite material
which isg laminated in a virtuelly continuously operated
35 laminator from two ribbon-shaped filter membranes and a

ribbon-shaped drainage layer Dby means of liquid



60 and an end wall 3. The flat filter element 60 comprises two filter membranes (61, 63) and a
drainage layer 62 located in between. The filter membranes (61, 30 63) are preferably each laminated
with one of the two sides of the drainage layer 62. In particular, the flat filter elements 60 are
manufactured from a ribbon- shaped, preferably flexible filter composite material which is laminated in
a virtually continuously-operated 35 laminator from two ribbon-shaped filter membranes and a
ribbon-shapedidraiiabe1&yérddmeans of liquid WO 2010/015345E AT EEP20097305471 adhesive
or solid ribbon-shaped adhesive means, such as adhesive nets or adhesive films. In order to produce
the ribbon-shaped filter composite material, for example, a first ribbon-shaped filter membrane, a first 5

ribbon-shaped:aghesive-net of thermoplastic polwnen asribhan-shaped.drainagedayer, asecond
ribbon-shaped e(qulheswe net oLthermopIasrtllc é)o!yme% afd a sefond rlbbon-schaped flléer membrane are
ied FORT 8 5eHarate Stod reSSE T 148 and Combi .order TO' brodice
each supplied fron a'separate Stock reservoir feel and combined in"a
the ribbon-shaped filter composite material, for
example, a first ribbon-shaped filter membrane, a first
5 ribbon-shaped adhesive net of thermoplastic polymer, a
ribbon-shaped drainage layer, a second ribbon-shaped
adhesive net of thermoplastic polymer and a second
ribbon-shaped filter membrane are each supplied from a
separate stock reservoir reel and combined in  a
10  pressure roll couple to form a ribbon-shaped stack, the
ribbon-shaped stack 1s heated at 1ts top and bottom
sides in a heated roll couple and subseguently cooled
such that the first and second adhesive nets melt and
subsegquently cool, causing the drainage layver to become

15 durably adhesion bonded to the filter membranes.

The drainage iayer is composed of a pclymer, inorganic
or metallic ribbon material which has an open structure
to conduct fluilds through. The material of the drainage
20  layer is preferably a lattice or spacer knit made of
plastic. Spacer knits known in the prior art consist of
first and second sheet-~like loop structures and a
system cf pile threads arranged between said first and
second loop structures. The pile threads are spaced
25 regularly relative to one another and 1in the warp or
weft direction of the lcop structures, each pile thread
passing alternately tThrough Iloops of The first and
second  loop structures such that the pille tThread
describes a sawtooth ¢r splral course. '
30
The filter membrane is constructed of one or more
layers, preferably two layvers. Customary Two-laver
filter membranes consist of a support noenwoven and of a
porous membrane laver. During The production of filter
35 composite material, the support nonwoven is bonded to

or laminated with the drainage layer such tThat tThe



10 pressure roll couple to form a ribbon-shaped stack, the ribbon-shaped stack is heated at its top and
bottom sides in a heated roll couple and subsequently cooled such that the first and second adhesive
nets melt and subsequently cool, causing the drainage layer to become 15 durably adhesion bonded
to the filter membranes. The drainage layer is composed of a polymer, inorganic or metallic ribbon
material which has an open structure to conduct fluids through. The material of the drainage 20 layer is
preferably a latfice 0t spacetkrdit made of plastic-Spacer knits kno®a T X priér/ art cérisist of first
and second sheet-like loop structures and a system of pile threads arranged between said first and
second loop structures. The pile threads are spaced 25 regularly relative to one another and in the

warp or weft disegtion-oftheloop.struciures, each:pile-thread passing-alterpatelythroughdoops of the

first and secong Igop Etrggtures such that the pile thread deSC,lJij es a sawtooth or %%l%al course. 30 The

. r ompos1ite aterial., Crous (S ane .
filter membrané IS constructed of one of more fgyers, préTerab y o ]i)ayers. Cugfomary ?wo-layer filter

membranes cohi&t Bf alsuppgertiGrivoveh afd of agiokdds-Afembrane lajére DufingRe production of
filter 35 compast#awaaterial, the support neaweven ishonded to anlaminated with the deainage layer
suchthatgm coagulation, the pcrous membrane layer is deposited on
the support nonwoven; otherwise, it is laminated onto
the support NONWOVan. The porous membrans lavyer
preferably consists of polyethersulfone, polysulfone,
polvacrylonitrile, polyvinylidene fluoride, polyamide,
10 polyetherimide, cellulose acetate, regenerated
cellulose, polyolefin or fluoropolymer. The porous
membrane layer is for example produced by a nonwoven or
woven fabric being coated with polymer soluticn and the
polymer bpeing precipitated out in a subseguent phase
15 inversion step. Alternatively thereto, a polymer sheet
is suitably stretched tc produce pores in the polymer
sheet. The stretched polymer sheet 1s then laminated
onto a support nonwoven for mechanical stabilization.
Filter membranes roduced by these methods are
20  commercially available, for example as NADIR@ membranes
(MICRODYN~NADIR GmbH, Wiesbaden) or Celgard® flat sheet

membranes (Celgard Inc., Charlotte, NC, USA;.

In order to produce flat filter elements 60, filter
25 Dblanks having a suitable, preferably rectangular shape,
are cut cut, for example, from a filter composite
material of the abcve-described type. The filter bkblanks
obtained are sealed 1in a fluid-tight manner at the

edges by means of known methods, such as, for example

30
- bonding the drainage layer to the filter membranes
by thermal cr ultrasonic welding;
- adhering, wherein, in an edgs region of the filter
blank, a liguid adhesive is introduced between the
35 drainage layer and the filter membranes and

cured/cross-linked;



porous membrane layer is arranged on the outer side of the filter composite material. The porous
membrane layer is bonded to or-laminated with the support nonwoven by wet coagulation or
lamination. In wet 5 coagulation, the porous membrane layer is deposited on the support nonwoven;
otherwise, it is laminated onto the support nonwoven. The porous membrane layer preferably consists
of polyethersulfone, polysulfone, polyacrylonitrile, polyvinylidene fluoride, polyamide, 10
polyetherimidei¢efilo8e dtettd, regenerated cellufose, polyolefin e TUBFeEBIYMER SFhélporous
membrane layer is for example produced by a nonwoven or woven fabric being coated with polymer
solution and the polymer being precipitated out in a subsequent phase 15 inversion step. Alternatively

thereto, a polymer shgepis sihtabhy-strefchedtie peaducespores dnthe pelymer sheet. Thesstretched
polymer sheet is then Ia[rjclnate%ggifﬁ(a $upport nonwoven for mechamg%I s(tj%bm%gtlont Filter

membranes produceg be these methods are 2%ncommerc%am?/ avaiiable, for exampFe asCﬁADIR@

membranes (MICROBYN-RADIR'G mbkf: Wid8Hader) or Celdard(ry Aat siset migmbiahies (Celgard
Inc., Charlotte, NC, US#je In order to produce flat filter elements 60, filter 25 blanks having a suitable,

preferablysrectangulat shape are.cut &%J&r example, {rl‘?%é Cﬁi!teg composite material of the

above-described type. The filter quFnks obtained are sealed in a fluid-tight manner at the edges by
means of known metRSdS\ R 48F 16 BEMFIB SO bordindthe drdifage-Ryer to the filter membranes

by thermal or ultrasonic welding; adhering, wherein, in an edge region of the filter blank, a liquid
adhesive is intioduced:hetweenthe 3zdrainage-layer,and.the filtermembranes apd cuggd/cross-linked;
regions, preferably three or four edge reglons cof the
10 filter blanks, are sealed in a fluid-tight manner over

their entire length.

The preferably rectangular fiat filter elements 60 thus
obtained have a first and second edge region (64, 66)
15 sealed in a fluld-tight manner and a third and. fourth

cpen (i.e. unsealed) or ssaled edge region (65, 67).

One o¢r more flat filter elements 60 stacked on one
another are wound to form a cylindrical spiral body and
20  are fixed in said shape by suitable mechanical holding
devices, such as, for example, bands or rings. The flat
filter elements 60 are preferably wound around =a
distributor pipe 70 (see Fig. 2b). In a development of
the invention, one or more spacer elements 80 which are
25 of sheet-like design through which the flow can pass
are added tce the single- or multi-layer stack of flat
filter elements 60 prior to the winding of the spiral
ody (see Fig. 32). Said spacer elements 80 are, for
example, wide-meshed lattices or nets made of plastic.
30 One spacer element 80 is preferably inserted in each

case between two flat filter elements 60.

The spiral body which is fixed by means of holding
devices with the optional distributor pipe 70 is
35  provided with a first end wall 3 by being cast on the

end side with z liguefied, curable material and the



WO 2010/015345- 7 -PCm/s32009/005471 dip cementing, wherein an edge region of-the filter blank
has an adhesive applied on the top and bottom sides and also on the cut face/abutting edge; 5
-machine stitching with a thread; or by means of a mechanical clamping device. In this case, at least
two mutually opposite edge regions, preferably three or four edge regions of the 10 filter blanks, are
sealed in a fluid-tight manner over their entire length. The preferably rectangular flat filter elements 60
thus obtained Havé affirstCdridBsécond edge region B4; 66) 15 sealeéd'inf aFRid-tightmariner and a third
and. fourth open (i.e. unsealed) or sealed edge region (65, 67). One or more flat filter elements 60
stacked on one another are wound to form a cylindrical spiral body and 20 are fixed in said shape by

suitable mechapigalhqlding devices csuch as; forexample. pands erringss The flatfilter.glements 60
are preferably wo%d ?roundla distributar é)ipte 70 (see F(ié% 2b) gn a develogpelr}%_og th%jtnvention, one
or more space"r“’%fements%w‘ﬁlscﬁngre 25%f sﬁéé:t- iké % siggn %ro&g% which the flow éan pass are
added to the sitigiérest-multi-layed stack of Backilter elepients 60 pioctrthe svinding ofthé spiral body

(see Fig. 3). Saig-spscer elements: 8@ arg, fomexamplaawidesmesheddatiicesor nets mage of plastic.

5 circular inner cross section and a plane base 1s filled
to a predetermined height with epoxy resin. In order to
reinforce the end wall 3, it is expedient to mix glass

or carbon fibers in with the epoxy resin. Subsequently
thereto, the spiral body is oriented relative tc the

10 casting body in such a manner that the £first edge
region ©5 is fully immersed in the epoxy resin. The
epoxy resin 1s then cured thermally or by means of UV
light to¢ form a perform which encloses the first edge
region &5 in a fluid-tight manner. The preform is

15  removed from the casting mold and 1s mechanically
machined by means of sawing, milling, turning cor
grinding machines in order to provide the first end
wall 3 with a precisely defined final shape and in
order to expose and tTo open the edge region 65 on the

20 outer side 31 of the end wall 3, thus producing access
through which the flow can pass to the interior of the

flat filter element 60, i1.e. to the drainage layer 62.

Owing to the three-layeread construction thereof
25 consisting of two filter membranes (61, 63} and the
drainage layer 62 located in bétween, the flat filter
elements 60 are rcbust and withstand a trans-membrane
differential pressure between the outer side of the
filter membranes (61, 63) and the drainage laver 62 of
30 greater than 2 bar, preferably greater than 10 bar, and
particularly preferably greater than 20 bar without
mechanical damage or leaks forming. According to the
invention, the flat filter elements 60 have a length of
0.1 to 6.0 m, preferably of 0.4 to 4.0 m, and
'35 particularly preferably of 0.& to 2.5 m, 1In the

direction of the axis 2. The space region which is



30 One spacer element 80 is preferably inserted in each case between two flat filter elements 60. The
spiral body which is fixed by means of holding devices with the optional distributor pipe 70 is 35
provided with a first end wall 3 by being cast on the end side with a liquefied, curable material and the
WO 2010/015345- 8 -PCT/EP2009/005471 material subsequently being cured, with the first end wall 3
enclosing the third edges 65 in a fluid-tight manner. In order to produce the first end wall 3, for
example, a castingmbld’ hadiag @ rectangular or 5 dircular inner crés3Isetkivn Endld ptahe base is
filled to a predetermined height with epoxy resin. In order to reinforce the end wall 3, it is expedient to
mix glass or carbon fibers in with the epoxy resin. Subsequently thereto, the spiral body is oriented
relative tO_theT 10 cagting;bedy i@@clgﬁﬂ%%ﬁ@%r tﬁ@hﬁk@bf%ﬁt@@g%gg%f} aﬁliéﬁgmiénr@@rfsed in thheh
epoxy resin. The epoxy resin is then cured thermally or by means o ight.to form a perform whic
encloses the firstedge t& i%)ﬁ‘%Sglﬁ%efilusl&-?i%htgr?naﬁ/nzjr; The p?e‘fsc%r%l is fg Erae%n%\é})gg] ?ror%%ihe casting
mold and is méchRanicallylmaéhined By theans bt Sawiri: millinge feming-or grindiRg4nakhines in order
to provide the first end wall:3with: adqareeisely defired-finat shapg=andra ordardeexpase and to open
the edge I'Segiogf65 %%éhe 20 outer side. 31, of the qu Walégitshus alrts)gucin%_ access t {%ligh which the

; i i ind. I
flow can pass to the interior of the flat‘ﬁftggefé%ent % i.€. 10 the drainage ayeer 62° wing to the

three-layered €oristrietién ther86E2S é8nsisting éf two'filte? merfbratied (62763)ahd thedrainage
layer 62 locatetkindeiween, therftatfiltarcglements wO-are rdbeista@mndaxithstatie adansnembrane

differential pregiqrgﬁq@/e%mdouﬁas&deﬂfﬁg filter nembranes; (61, 63) and.the drainage layer 62
of gide of the same or further flat filter elements &0,
10 which inner side 18 adjacent o sald outer side, is 0.1
to 20 mm, preferably 0.3 to 8 mm, and particularly
preferably 0.5 to 32 mm. The spirally wound Ifilter
module 1 having the abovementioned dimensions has an
active filtration surface of greater than 50 m?,
15 preferably greater than 250 m®, and particularly
preferably of greater than 1000 m?, per filter module.
In a development of the invention, the filter module 1
which 1s shown in Figs. la and 1b is provided with a
gsecond end wall b5, wherein the second end wall & is
20 manufactured in the same manner as the first end wall
3, for example Dby casting with a Iiguefied, curable
material. Fig. Za shows a gschematic secticonal view
through a filter module 10 of the this type having
first and second end walls (3, 5). The first end wall 3
25 has an inner side 33 and an outer side 321, the inner
side 33 facing the flat filter elements 60. Analogously
thereto, the second end wall 5 has an inner side 53 and
an outer side 51. The third and fourth edge regiocns
(65, 67} of the flat filter modules &0 are open on the
30 respective outer sides (31, 51) and are separated in a
fluid-tight manner from the inner sides (33, 53). The
third and fourth edge regions (65, &7) which are
arranged in the end sides {3, b)) and are open on the
cuter sides (31, 51) connect the interior of the flat
35 filter elements 60, i.e. the drainage laver 62, to two

half spaces which are adiacent on the outer sides (31,



30 greater than 2 bar, preferably greater than 10 bar, and particularly preferably greater than 20 bar
without mechanical damage or leaks forming. According to the.invention, the flat filter elements 60
have a length of 0.1 to 6.0 m, preferably of 0.4 to 4.0 m, and 35patrticularly preferably of 0.6 to 2.5 m,in
the direction of the axis 2. The space region which is WO 2010/015345- 9 -PCT/EP2009/005471 filled
with the spirally wound flat filter elements 60 has a radial dimension of 0.05 to 1.5 m, preferably of 0.1
to 1.25 m, andiparticulany pfefeérably of 0.2 to 0.8 m Owith respect te thie/axs 20ds’ thibaetitral axis 5 of
the spiral winding. In this case, the radial distance (referred to in Figs. 2a and 3a by the reference
number 160) between the outer side of the spirally wound flat filter elements 60 and the inner side of

the same or futher flatfilterelements 60, 19 which.inner side.js adjgeenttg-saidiguterside, is 0.1 to
20 mm, preferﬁbl 0.3 to 8 mm, and particularl preferablg 0.5.to 3 mm. The spjrally wound filter
module 1 havifg the ab6verentionad Eﬁﬁen%%%%rhaija% actiVe fiittatior sirface’ of §rE&tRr than 50

m2, preferablygréatef tHare25Gr2rand paficuktly preferabiy of greatsr thdn 1000 m2uper filter

module. In a deyelopmentof the invention; the filter medyles1 which is shownindsigsslaand Ib is

provided Vé)lith %gsz%%ond aecr@d Wal%é, W@greisn tbg s%%ocnedrengﬁw 6!I 5 i§ 20 r@grqufcaecéur%d in the same
manner as the irst end wealaf,efor example%y casting witha’ |qdefiecf curable material. Ifalg. 2a shows

a schematic séctiBRaPviewhrougha filter module 10 of the this type having first and second end walls
(3, 5). The first end wall 3 25 has an inner side 33 and an outer side 31, the inner side 33 facing the

flat filter elemem%ﬁo.z%naéqggygly theretq, the,second end wall & has an igper side. 53 and an outer
side 51. The third"and fourth edge regions (65, 67) of the flat filter modules 60 are open on the 30

respective out8P&ide€ (31751) HngHre ‘Rparafed if e fHiIEGH RANNERFORPhE TihefEides (33, 53).
The thirdlénd feaith €dgé regions:(65, 67)whichare arranged gxthecenttsides {3,15) aindeare open on

the outer sides(31,,51)-conngct the- interior of the flat 35 filtsr elements 64, i.e, the,drainage layer 62,

fo o half spages whigh are adiacent g the ouer e B .01 ana surthes

conduct an untreated fluilid which is to be filtered. In
the wall therecf, the distributor pipe 70 has one or
15 mere openings 71 thrcugh which the untreated fluid
flows in the radial direction toward the outside into
the space Dbetween the spirally wound flat filter

elements 60.

20 Fig. 2c¢ illustrates a further filter module 1077
according to the invention in which the fourth edge
region 67 and the optional distributor pipe 70 are
enclosed in a fluid-tight manner by the second end wall
5.

Fig. 3a shows schematically the cross section of a
filter module according to the inventicn with an
optional distributor pipe 70 and two spirally wound
flat filter elements 60 and a spacer element 80
30  arranged between the flat filter elements 60. The
spacer element 80 1s preferably configured as a wide-
meshed lattice or net made of plastic. Thes radial
distance Dbetween the outer side of the spirally wound
flat filter elements 60 and the inner side of the same
35 or further flat filter elements '60, said inner side

being adjacent to said outer side, is denoted by a



WO 2010/015345- 10 -PCT/EP2009/005471 51) to the filter module 1 from the outside. The distance
between the outer side of the spirally wound flat filter elements 60 and the inner side of the same or
further flat filter elements 60, the inner side 5 being adjacent to said outer side, is denoted by a double
arrow 160. Fig 2b shows an advantageous embodiment of a filter module 10" according to the
invention having two end 10 walls (3, 5) and a centrally arranged distributor pipe 70 which connects
two ducts (7, 9an e end wElis(3, 5). The ducts (7,19)serve to supply/arcEfpthér e6dddct an
untreated fluid which is to be filtered. In the wall thereof, the distributor pipe 70 has one or 15 more
openings 71 through which the untreated fluid flows in the radial direction toward the outside into the

space between the,spirally waynd Hat filter, elements:60. 2Q Figi2ellustrates a fusther filter module 10
according to the.invention in which the fourth edge region 67 and the optignal distributor pipe 70 are
enclosed in afrllzeljl%-ﬁﬁht mfnrnee"r@b?‘;/at %%ecoén’ encjlEt wall 5, Z%mli’ig. fanggow%as%}éfnuag%gﬁf the cross
section of a filter frfcdia® agcording - thelfvention with an optional distributor pipe 70 and two spirally
wound

5  Further examples of spiral wound arrangements according
to the invention are shown in Figs. 3b and 3¢ in which
the reference numbers 60, 7C and 80 have the same
meanings as in Fig. 3a. In the wound arrangement
according to Fig. 3b, a plurality of flat filter

10 elements 60 extend spirally outward in the manner of
rays from starting points which are essentially at the
same radial distance from the center axis of the filter
module. A respective spacer element 80 1is arranged
between two adjacent flat filter elements 60. Fig. 3c

15  illustrates a combination of an inner wound arrangement
according fo Fig. 3b and an outer wound arrangement
surrounding the inner wound arrangement, according to

Fig. 3a.

20 Figs. 4a and 4b show perspective, partially sectiocned
views of a further filter module 20 according to the
invention with two end walls {3, 5) and a housing 4,
wherein the edges of the end walls (3, 5) are connected
to the housing 4 in a fluid-tight manner. The end walls

25 (3, 5 are expediently provided with centrally arranged
ducts (7, 9) for the conduction through of an untreated
fluid to be filtered. The housing 4 1is preferably of
tubular configuration. In an expedient development, the
housing 4 is provided on the end sides with flanges

30 (11, 13) which make it possible to connect the filter
module 20 in a simple manner to further filter modules
20 or to cother components of a filtration system.
Depending on the use and configuration of the filter
modules according to the invention, it is expedient to

35 arrange one or both of the ducts (7, 9) (shown in

Figs. 2a and Zb) £ the filter module 20 in the housing



30 arranged between the flat filter elements 60. The spacer element BO is preferably configured as a
wide- meshed lattice Or net made of plastic. The radial distance between the outer side of the spirally
wound flat filter elements 60 and the inner side of the same 35 or further flat filter elements 60, said
inner side being adjacent to said outer side, is denoted by a double arrow 160. The radial distance
160 is 0.1 to 20 mm, preferably 0.3 to 8 mm, and particularly preferably 0.5 to 3 mm. 5 Further
examples of spifal 2/auhdbarsd@dgements according 1@ the invention&re shedndn Figs: 8bland 3c in
which the reference numbers 60, 70 and 80 have the same meanings as in Fig. 3a. In the wound
arrangement according to Fig. 3b, a plurality of flat filter 10 elements 60 extend spirally outward in the

manner of rays from.stadinggoints which argsegsentially at the, same radiahdistange from the center
axis of the filti% odule. A respective spacer elemint 80 is arranged between two ad'%lcent flat filter

elements 60. Fg. 3¢ 15MfistratEs atombMation df anfhRerWhind ArrarijeTiert accordifg to Fig. 3b
and an outer wbupdlzarrangehsertsiyroungingethe ifser wolntkarrangeentr aécordinglte Fig. 3a. 20

Figs. 4a and 4p shew:perspective; padially sgglionegdvigws of afurther filter medide 20:according to
the inventjon with two erg}%w&l}lséé, Ef) and a housing 4, wherein the edges of the end 'walls (3, 5) are

connected to t é@l}ﬂ%ﬁging 4ina uid-t?g%?jhﬁlgriner. The end walls

Fig. 5a shows an example of a filtration system 100
according to the invention in which a filter module
1077 having two filter modules 10’ in & row 1s arranged
10 in a tank 40. The tank 40 is provided with lines ({130,
1307, 140) for feeding in and ceonducting away an
untreated fluid 210 to be filtered and for removing a
permeate 220 filtered out of the untreated fluid Z10.
The feeding in and conducting away of the untreated
15 fluid 210 and the removal of the permeate fluid 220 are
indicated in Fig. 2a by means of flow arrows, wherein
the untreated fluid 210 and the permeate fluid 220 are
respectively symbolized by a wavy and deotted hatching
pattern. Twc c¢f the filter modules (1077, 10") and
20 {107, 10') in each case are connected to each other via

a coupling 120.

Fig. 5b illustrates a further filtration system 200
according to the invention. The filtration system 200
25 is composed of three filter modules (2077, 207, 207},
wherein two adjacent filter modules (2077, 207) and
(207, 20") in each case are conhected to each other via
a coupling 1207. The filter modules (2077, 2Z0') involve
developments according to the invention of the filter
30 modules 20. In addition tec a housing 4, the filter
modules (2077, 207) are provided with a distributor
pipe 70, and at least one end wall (3, 5} which, in
addition to a central duct (reference nuwbers 7 and 9
in Fig. 2b), has one or more peripherally arranged
35 ducts for untreated fluid 210 (reference sign 97 in

Fig. 6b). At a first end of the filtration system 200,



25 (3, 5) are expediently provided with centrally arranged ducts (7, 9) for the conduction through of an
untreated fluid to be filtered. The housing 4 is preferably of tubular configuration. In an expedient
development, the housing 4 is provided on the end sides with flanges 30 (11, 13) which make it
possible to connect the filter module 20 in a simple manner to further filter modules 20 or to other
components of a filtration system. Depending on the use and configuration of the filter modules
according to th&invéatior) itisdxpedient to 35 arrdnge-one or botHPefitheEIICES (70 ©Y 4SHown in Figs.
2a and 2b) of the filter module 20 in the housing WO 2010/015345- 12 -PCT/FP2009/005471 4
instead of in the end wails (3, 5). The filter module 20 withstands an internal pressure of greater than 2

bar, preferablysgreaterthan 19har-angcparticylady prefgrably-greater than:20 bag without mechanical
5 damage or Ieakcsbforrglng F|g ?o%wows%exampﬁ& a flLtratlon system 100 arclcoigmg to the

invention in which a filtér module Having twd filter modules 10" in & row IS arrange in a tank 40.
The tank 40 is$?6AAEE With 71E5Y(180, 130 rE40)F6r febdirty in dndPetndteting &Way skCuntreated
fluid 210 to bedilteeadrand forremoying-a permeate 220 filterechaut-ebthedinfreated fhiid 210. The

feeding iandgondugting aayef the, untiepted 18 fluid:210 and:the.remoyal.of the permeate fluid

220 are indicated in Fig. Sa by means of flow arrows, wherein the untreated fluid 210 and the

permeate fluidi220 E@f&ﬁ%‘%@n‘/elys'gﬁﬁﬂ&ifzéﬁ%y QW&&’M ‘WatchRg pattéth. Two of the filter
modules (10", 46YandlZ® (10, 10') in each case are connected to each other via a coupling 120. Fig.
5b illustrates a further filtration system 200

Fig. 6a shows, in an exploded iilustration, a sectional
10 view of the connection between the filter module 1077
and 10’ of the filtration system 100 illustrated in
Fig. %a. The coupling 120 comprises a coupling body 121
which 1g provided with peripherally arranged ducts 125
for permeate fluid - symbolized by open arrows in
15 Fig. 6a. The coupling body 121 optionally has recesses
122 which ensure that the open edge regicn of the flat
filter elements 60 iz not partially blocked by the
coupling body' 121 and the flow can pass fully
therethrough. The entirety of the ducts 125 is enclecsed
20 in a fluid-tight manner by a respective seal 126 on
both gides of the coupling body 121. In an alternative
embodiment, each of the ducts 125 is enclosed 1in a
fluid-tight manner by a respective seal 1Z8 on both
sides of the coupling bedy. The seals 126 are
25 preferably designed as conventional O-rings made of an
elastic material. A duct 123 arranged centrally 1n the
coupling body 121 serves to feed in and further conduct
untreated fluid which is symbolized by clecsed arrows in
Fig. 6a. The duct 123 is separated from the ducts 125

30 in & fluid-tight manner by means of seals 124.

Fig. 6b shows in an exploeded illustration, a sectional

view of the connection between two adjacent filter

modules (207, 207 of the filtration system 200
35 illustrated in Fig. 5b.



according to the invention. The filtration system 200 25 is composed of three filter modules (20", 20',
20", wherein two adjacent filter modules (20", 20") and (20", 20") in each case are connected te each
other via a coupling 120'. The filter modules (20", 20") involve developments according to the invention
of the filter 30 modules 20. In addition to a housing 4, the filter modules (20", 20") are provided with a
distributor pipe 70, and at least one end wall (3, 5) which, in addition to a central duct (reference

numbers 7 and9 i Fig./Zr}, HsSone or more periphératly arrangedP3s dBEts f8PuntPéted fluid 210
(reference sign 9' in Fig. 6b). At a first end of the filtration system 200, WO 2010/015345- 13
-PCT/EP2009/005471 a filter module 20' is provided via a coupling 120" with lines (130, 130', 140) for
feeding in andgongdyseting away animireated fluid 240:and for Esmevieg ecpermeaje 220 filtered out of
the untr(_aated filélq Zl%aSSAn (%I{llcli: ¥ all.on _tlgje 89% sidgLQ_J; the %iggr 'm%i&l gaot é%pfe%{%QM stabilizc_ad
mechanically by means of a cover 50. Flg.%a shows, in an exploded illustration, a sectional 10 view
of the connectichyBtkeR2Re fiér nTadiiE 40" 2RACHP bf the ifratibh Sy 100fillustiated in Fig.
5a. The coupliagd2 comprisessa cagpling:kady 121 whichf isprovidediwith periplerally arranged

ducts 125.for permeate fluid - symbolized by openarrquss in 15 Fig, 62- The gouplirg body 121
optionally has recesses 122 which ensure that the open edge re%;on of thifha:%ﬁlter elements 60 is not
t

partially blockdd by fie 85tifinG body 121 aheha fidw caRpass falfy therethrotgh - Thé Bntirety of the
ducts 125 is endlosec:20 irva flui:tightimanher byea rbspeetive seal 126:01 bothisides éfthe coupling

body 121. In apalternative ggmbgdi@mde%%@]ftth%ggg&mg}i,s encloseddn aifluid-tightimanner by a
respective sea| 128 on both sides i%f the ?ﬁfougﬂng bo% The s%jllsd126 are %5 ngegarplyt%esigned as
conventional O:rings Made of ar efitic Taterial. A duer 125 arraiged dentrally in fha cotipling body
121 senie$ to feeddn andfuriherccohdiigtantréated flafdwhichds ByboliZed by efdséd afrows in Fig.
6a. The duct 123ds separategfeorthe ducts<12580+HAa fleid-tight maanerhy meansefseals 124.

cne or more peripherally arranged ducts 97 for

untreated fluid.

15 Fig. 7 finally shows, in a petspective exploded
illustration, a coupling 120 which is suitable for use
in the filtration system 100 illustrated in Fig. 5a and
which comprises a coupling body at 121 with ducts (123,
125) for untreated and permeate fluid, and one or two

20 seals 124 and one or two seals 126.



Fig. 6b shows in an exploded illustration, a sectional view of the connection between two adjacent filter
modules(20',20")of the filtration system 200 35illustrated in Fig. 518) WO 2010/015345- 14
-PCT/EP2009/005471 In addition to the ducts 123 and 125, the coupling body 121 has further ducts
127 for untreated fluid (symbolized by closed arrows). The entirety of the ducts 127 is isolated in a
fluid-tight manner in relation to the ducts 125 and the outer side of the filter module 20" by means of
seals 126 and 128. In an alternative embodiment, each of the ducts 127 is enclosed in a fluid-tight

manner by a respgctive seal 128 on both sides of the coupling body. In addition to 10 a central duct 9
(see also reference numbers 7 and 9 in Fig. 2b), the end walls of the filter modules 20" have one or
more peripherally arranged ducts 9' for untreated fluid. .15 Fig. 7 finaIIX shngsding pers ective
exploded illustration, a’%odpht§a26Which i§ Shtabia 8r J&& inthe fiftration ystem fﬁf)p illustrated in
Fig. 5a and which compiisesté couplitg) Boayeal1225with diet3*(123, 8 25 Rl (ftfedfed and permeate
fluid, and one or two 2Q.seals d24hanthoneseicbma sealsd26. , - LierSatent Claims

each flat filter element comprises two filter
membranes and a drainage layer arranged between
the filter membranes;

each flat filter element has first and second
edge regions which run substantially in the
direction of the axis and are sealed in a fluid-
tight manner;

each flat filter element has a third edge region
which ig connected to the first end wall;

the third edge region is open at an outer side of
the first end wall;

the third edge region is sealed in a fluid-tight
manner in relation to an inner side of the firsc
end wall; and

each flat filter element has a fourth edge regiom
which is sealed in & fluid-tight manner in
relation to the inner =side and optionally tc an

inner side of the second end wall.

2. The filter module as claimed in claim 1, wherein
the filter mecdule has a second end wall;
the fourth edge region is connected to the second
end wall;
the edge region is sealed in a fluid-tight manner
in relation to an inner side of the second end

wall; and



A filter module comprising one or more flat filter elements wound spirally about an axis, a first end walll
and optionally a second end wall, wherein each flat filter element comprises two filter membranes and
a drainage layer arranged between the filter membranes; each flat filter element has first and second
edge regions which run substantially in the direction of the axis and are sealed in a fluid-tight manner;
each flat filter element has a third edge region which.is_ connected to the first end wall; the third edge
region is open at an outer side of the first end wall; the third edge region is sealed in a fluid-tight
manner in relation to an inner side of the first end wall; and each flat filter element has a fourth edge

region which is sealed in a flué%]-etightdmanner in relation to thFjQQer,snideaanrgll%ﬁggglallx to an inner side
[ ' e fi

of the second end wall. 2.The Tilter ?ngg{ulé:%%lglréimlesd iﬁrﬁalm 1, Wﬁereln t ter mgO(fuIe has a

second end wall; the fourth & F&giH i EBNABERE tFlite ¥&conPEndwdlRThe Blg&region is
sealed in a fluid-tight mannerdntrefaticri¢o &h eersitedf thd segond end wall; and - 16 - the edge

region is enclosed in a fluid-tight manner by the second end wall or is open on an outer side of the
SeconCIend\NaHS. The filter module as claimed in claim 1 or 2, wherein
the filter membranes are area-bonded to the drainage

layer.

4, The filter module as claimed in claim 3, wherein the

filter membranes are laminated with the drainage laver.

5. The filter module as claimed in c¢laim 1 or 2, wherein
the flat filter elements withstand a trans-membrane
differential pressure between the outer side of the
filter membranes and the drainage layer of greater than
2 bar, preferably greater than 10 bar, and particularly
preferably greater than 20 bar without mechanical

damage or leaks forming.

5. The filter wmodule asg claimed in claim 1 or 2, wherein
spacer elements which are of sheet-like design through
which the flow can pass are arranged between the outer
side of the spirally wound flat filter elements and the
inner side of the same or further flat filter elements,

said inner side being adjacent to said outer side.

7. The filter module as claimed in claim 1 or 2; wherein



3. The filter module as claimed in claim 1 or 2, wherein the filter membranes are area-bonded to the
drainage layer. 4. The filter module as claimed in claim 3, wherein the filter membranes are laminated
with the drainage layer. S.The filter module as claimed in claim 1 or 2, wherein the flat filter elements
withstand a trans-membrane differential pressure between the outer side of the filter membranes and
the drainage layer of greater than 2 bar, preferahlygreater than 10 bar, and particularly preferably
greater than 20 bar without mechanical damage or leaks forming. 6. The filter module as claimed in
claim 1 or 2, wherein spacer elements which are of sheet-like design through which the flow can pass
are arranged between the outer side of the spirally wound flat filter elements and the inner side of the
same or further flat filter elements, said inner side being adjacent to said outer side. 7, The filter
module as claimed in ci&inf3%of3, #feréin L1753 HEE SR AR ffrafion sGHace of greater than SO
m2, preferably greater than25& ay2band parscsarlyiprefetably B greater Bk K006 MZ, S.The filter
module as claimed in claia-ap 2, wiiergiastherflatiilter @lemeénts have a length of 0.1 to 6.0 m,
preferably of 0.4 to 4.0 m, and particularly preferably of 0.6 to 2.5 m in the direction of the axis. 9.The
filter module as claimed in c@li{rgél or 2, V\éherein thLe ]?gge.regiq(%%‘ui!gqlvgéh Ehe S ‘iarglelxryvound flat filter

S
elements has a radial difiengion of (5“.%@'1 oelf’m(f parjé erabjliltL 0 m, and particularly

preferably of 0.2 to 0.8 Rswithaespettis theARE10E fiftet FHEENIS Bs ClAirhRdSitcim 1 or 2,
wherein preferably of 0.4 to 4.0 m, and particularly preferably

of 0.6 to 2.5 m in the directicn of the axis.

9. The filter module as claimed in claim 1 or 2, wherein
the space region filled with the spirally wound flat
filter elements has a radial dimension of .05 to
1.5 m, preferably of ¢.1 to 1.25 m, and particularly
preferably of 0.2 to 0.8 m with respect to the axis.

10. The filter module as clzimed in claim 1 or 2, wherein
the wradial distance between the outer gide of the
spirally wound flat filter elements and the inner side
of the gsame or further flat filter elements, said inner
side being adjacent to said outer side, is 0.1 to
20 mm, preferably 0.3 to 8 mm, and particularly
preferably 0.5 to 3 mm.

1%L, The filter module as claimed in claim 1 or 2, wherein
the first end wall and/or the second end wall have/has

centrally arranged ducts.

12, “The filter module as claimed in claim 11, wherein said

filter



the radial distance between the outer side of the spirally wound flat filter elements and the inner side of
the same or further flat filter elements, said inner side being adjacent to said outer side, is 0.1 to 20
mm, preferably 0.3 to 8 mm, and particularly preferably 0.5 to 3 mm. 11. The filter module as claimed
in claim 1 or 2, wherein the first end wall and/or the second end wall have/has centrally arranged
ducts. 12. The filter module as claimed in claim 11, wherein said filter - 18 - module comprises a
distributor pipe, the distributor pipe being connected to the duct and/or and having one or more
openings in its wall. 13. The filter module as claimed in claim 1 or 2, wherein said filter module
comprises a housing, anddithehat the housin%isdconne%tecd in a fluid-ti @ltemgggtegltgépgrﬁrst and

optionally to the secon(!]‘%nu wall 13" The filter n%(?éﬁf‘e as claiméd in claim 11, 12 or 13, wherein said

filter module withstand® SrFitEATE [FTRRRETESt frRatértfiire Bac preféabyyféateran 10 bar, and
particularly preferably greaterthan<20 ba# Withoat m@éhanical damage or leaks forming. 15. The filter
module as claimed in claim 13, wherein the housing is of tubular configuration. 16. A filtration system

for filtering a permgate fluid pﬁt(gg%g@&rleeatgg f'&i‘l&ﬁ%ﬁ‘p{'ﬁ%@ﬁiﬁﬁr madules ag glaimed in one or

more of claims 1to 15; couplings for connectln%q:[he, filter modules; and lines for untreated fluid and

permeate fluid. 17. Thefiitfation sy5t&IRCAS TISRTEY if Wain 18 whetefEath Btipling comprises a

coupling body with housing is connected in a fluid-tight manner to the

first and opticnally to the second end wall.

14. The filter module as claimed in claim 11, 12 or 13,
wherein said filter module withstands an internal
pressure of greater than 2 bar, preferably greater than
10 bar, and particularly preferably greater than 20 bar

without mechanical damage or leaks forming.

15. The filter module as claimed in claim 13, wherein the

housing i1s of tubular configuration.

16. A filtratiom system for filtering a permeate fluid out
of an untreated fluid, comprising
filter modules as claimed in one or more of claims 1 to
15;
couplings for connecting the filter modules; and

lines for untreated fluid and permeate fluid.

17. The filtration system as claimed in c¢laim 16, whexrein

each coupling comprises a coupling body with



- 19 - ducts for permeate fluid and seals, the seals enclosing the ducts in a fluid-tight manner. 18. The
filtration system as claimed in claim 17, wherein each coupling has a duct which is arranged centrally
in the coupling body and is intended for untreated fluid, and seals, the seals enclosing the duct in a
fluid-tight manner and sealing said duct in a fluid-tight manner in relation to the ducts. 19. The filtration
system as claimed in claim 17 or 18, wherein each ¢gupling has ducts which are arranged peripherally
in the coupling body and are intended for untreated fluid, and seals, the seals enclosing the ducts in a
fluid-tight manner. 20. A method for the production of a filter module for filtering a peLmeate fluid out of

an untreated fluid as clzg{@gg |%] claims 1t e1'5 1"1"198%'&10@% c}zsmp{g flat filﬁ%r elerrl}ents having first and

second longitudinal edges sea ed iﬁea{:ﬂﬁ? -tight manner and aving $hird and Tourth end-side edges
which are open or sealé@n B fafd-tRyHt manttr SE Woliit s form a spiral body; the spiral body
obtained is provided with a first end wall by the spiral body being cast on the end side with a liquefied,
curable material agd theppatariaksubsequentlybeing susedewiththefirsk end wathenclasing the third

edges -20-ina quid-tjagilyhmmqrﬁth%d gv@!l'tsc%q%niggllggy%@&eg&&gglqgt%rnside in such a

manner that the third edges are gpened on the outer side and are available for the conduction of
permeate fluid; the spiriBod§ 18 optorraify pfoVided witha882ohd end WAl by the'$sital body being
cast on the end side witina ligerfied, ebralbieshateriat kit e MrtedBicsubSeqaerithy béing cured, with
the second end wall enelgging thefeurthetgesdnafuidatightdnannerand thewerndawalbeing

mechanically machined.gn.an outer side in.such agnannerthat the fourth edges are opened on the
outer side and are available for the conduction of permeate fluid; and the spiral body obtained is

optionally provided with a housing, with the first end side and optilonallzl the second end side being
connected in a flaid-tigftmhahntr idthehcigingrs 5 ciaimed in claim 17 or 18,

wherein each coupling has ducts which are arranged
peripherally in the coupling body and are intended for
untreated fluid, and geals, the seals enclosing the

ducts in a fluid-tight manner.

20. A method for the production of a filter mocdule for
filtering a permeate fluid out of an untreated fluid as
claimed in claims 1 to 15, wherein
one or more flat filter elements having first and
second longitudinal edges sealed in a fluid-tight
manner and having third and fourth end-side edges which
are open oxr sealed in a fluid-tight manner are wound to
form a spiral body;
the spiral body cbtained iz provided with a first end
wall by the gpiral body being cast on the end side with
a liguefied, curable wmaterial and the material
subsequently being cured,  with the first end wall

encloging the third edges



in a fluid-tight manner;

the end wall is mechanically machined on an cuter side
in such & manner that the third edges are opened on the
ocuter side and are available for the conducticn of
permeate fluid;

the spiral body is optiocnally provided with a second
end wall by the spiral body being cast on the end side
with a liguefied, curable material and the wmaterial
subsequently being cured, with the second end wall
enclosing the fourth edges in a fluid-tight manner and
the end wall being mechanically machined on an outer
side in such a manner that the fourth edges are opened
on the outer side and are available for the conduction
of permeate fluid; and

the spiral body obtained is optionally provided with a
housing, with the first end side and optionally the
second end side being connected in a fluid-tight manner

to the housing.



