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 consists of a multi-layer cloth which is

wound up spirafiy,apd haggwenpposite, spiral end surfaces. The layers ferming ¢he gloth 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 volume. At least one fluid-impermeable
20 layer is placéd against!the Sdrfdedlof ohelofthd&pater |87erB8ABY Indbns 6r tHEU8BASE A thin spacer
layer, a compaa filter:eartridge hazmganlarge active filterrsurfacerperwnitzof wolume 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 liquid to be filtered and for a
permeate filtered Gutof Saf nteat8a figti. TheBeefiter Unit chhtahtd a it dlement Which is
arranged betwesnithelend capsrand Consists bi aspirallyameund; twa=tayer filtercemposite material
which comprises;a filterlayer-and a liquidsimpgrmeable spacer_layer: At the two opposite gnd sides. of

theSp"mbﬂNoqQ%Jgegucted 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 & manner that the fluid entering the
15 filter cartridge through a spiral end surface has fto
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 volume. At least one fluid-impermeable
20 layer 1s placed against the surface of one of the
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 be filtered and for a
permeate filtered out of said untreated liquid. The

30 filter unit centains 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 liquid-impermeable spacer layer. At
the two opposzite end sideé_of the spirally wound filter

35 composite material, the edges of the filter laver are

each connected in a liguid-tight manner to the spacer



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/EP2009/005471 layer adjacent on the left and right. This
construction ensures that the untreated liquid supplied via the first end cap has to permeate the filter
~ layer first in order to be removed as permeate at the second end cap. 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 t@obe filtéredlis supplied through the perforated pipe and bEsight intoIDidantact with
the spirally wound capillary filter mat. By means of a pressure differential between the inside and
outside of the capillary filters, a permeate is filtered out of the untreated fluid and removed from the

interior of the c_ggi[y@rry fiJ s.Acgessfo the 1% g?_ctgri%@lg{ th&g_gijla%fjjtéerggn@n@ly{g@gi%the two end
sides of the splral% woun filter mat being provided with end caps made of a castable,

capillar
curable materialand'tR& end’ gps%B?ain@&B@%%ﬁﬁ to stF& A bstEHRAlN FetpeRdituldrito the
longitudinal 20 &xis=of tha capilary filters.oT eefilters Which:arefknoverr inlthespriof artsdandihave spirally
wound, multi-layerHiat filterielerpentswrcapillasy filtematshave.ene or.prore of the.2p 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 inividuabla§ers'sf the flat fikérdlefeftst “er 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 inte
10  contact with the spirally wound capillary filter mat.
By means of a pressure differential between the inside
and outside of the capillary filters, a permeate is
filtered out of the untreated fluid and removed from
the interior of the capillary filters. Access to the
15  interior of the capillary filters 1is 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 substantlally perpendicularly to the longitudinal

20  axis of the capillary filters.

The filters which are known in the pricr art and have
spirally wound, multi-laver lat 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 liguid-impermeable layer 1s required,
wiich increases the volume of the filter without

30 contributing to the active filtration suriface;

- the individual lavers o©f The flat filter eslements
are connected fTo one another only at the edges,
and therefore have low mechanical stability;

35 |

- due to the low mechanical stability, during the



are connected to one another only at the edges, and therefore have low mechanical stability; 35 due
to the low mechanical stability, du ng the WO 2010/015345- 3 -PCT/EP2009/005471 production and
in particular during the winding to form a spiral, the flat filter elements are susceptible to creasing and
warpage, and therefore the corresponding production methods are limited 5to small filter layer lengths.
It is the object of the invention to overcome the above-mentioned disadvantages and to provide a filter

module having mcspirat winding,4be filter module 10 Baving high presstresresistanceand;targe
individual filter layer surfaces and being back-flushable and suitable for use in commercial filtration
systems. This object is achieved by a filter module which 15 comprises one or more . flat filter

elements wound spiraﬂﬂg@ggrﬂg@xgﬂg 'f'rgtr%réq:\@@g@ QPPHBQ?U]Y agggoqq%e%qm%vall wherein each
e

: (s i
flat filter element comprises two filter membranes and a drainage Iéygr arrange etween the filter

membranes; each flatifftEF 20 Blenfigntids first &fid sédétid edget fétfionsdwhiettA suB&@ntially in the
direction of the axis amd:aregealoden adluid-tightimgnneryieach-flatfiter etemert s fothird edge

region which is conneeted to.the first.end wall; the third.edge regionjs ppen, an an 25 opter 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 eacE%IaWﬁﬁ‘el@Heﬁlﬁa S Furthdtige fegion which is sealed in a fluid-tight

manner in relation to the inner side of the 30first end wall. Further preferred embodiments of the filter
module according to:the inMention ake-teproduceddn claimsd-1 4, o overcome the
above-mentioned disadvantages and to provide a filter
module having a spiral winding, the rfilter module
10 having high pressure resistance and large individual
filter layer surfaces and being back-flushable and

suitable for use in commercial filtration systems.

This object 1is achieved by a filter module which
15 comprises one or more . flat filter elements wound
spirally about an axis, a first end wall and optionally
a second end wall, wherein each flat filter element
comprises twe filter membranes and a drainage layer
arranged between the filter membranes; each flat filter
20 element has first and second edge regions which run
substantially in the direction of the axis and are
sealed 1in & 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 on an
25 outer side of the first end wall; the third edge region
is sealed in a fluid-tight manner in relation toc an
inner side of the first end wall; and each flat filter
element has a fourth edge region which 1s sealed in a
fluid-tight manner in relation to the inner side of the
30 first end wall.

Further preferred embodiments of the filter module
according to the invention are reproduced in claims 2-

14.

The Invention 1is explained in more detail below with



35 WO 2010/015345- 4 -PCT/EP2009/005471 reference to figures,in which,in a schematic illustration;
Figs. la-bshow a filter module with a flat filter 5element and an end wall in a perspective full and _
section view; Figs. 2a-cshow sectional views of filter modules with two end walls; 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-bshowsgectionaliews ofo filtration systemsseach having threerfilter-modyles aranged in a
row;

reference to figures, in which, in a schematic

illustration:

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. Za-c show sectional 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 between;

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

15 Figs. 5a-b show sectional views of two filtration
systems each having three filter modules
‘ arranged in a row;

Figs. 6a-b show detailed sectional wviews of two

adjacent filter modules which are
20 connected by means of a coupling; and

Fig. 7 shows a coupling for connecting twoe filter

modules in a perspective exploded

illustration.

25 Figs. la and b show a filter module 1 according to the
invention having a sgpirally wound flat filter element
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

ribben-shaped drainage layer by means of liquid



Figs. 6a-bshow detailed sectional views of two adjacentfiltermoduleswhichare 20connected by means
of a coupling; and Fig. 7shows a coupling for connecting two filter modulesinaperspectiveexploded
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 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 goe of thetwa sigdes of the drainage lgyer 62. In partigutarfhe dlat 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

adhesive ¢r 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

&3]

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 reservolir reel and combined in a
10 pressure roll couple to form a ribbon-shaped stack, the
ribbon-shaped stack i1s 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 menmbranes.

The drainage iayer is composed of a polymer, inorganic
or metallic ribben material which has an open structure
to conduct fluids 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 c¢f pile threads arranged bestween sald first and
second loop structures. The pile threads are spaced
25 regularly relative to one another and in the warp or
weft direction of the loop structures, each pile thread
passing alternately through loops of the first and
second loop structures such that the pile thread
describes a sawtooth or spiral course. ' '
30
The filter membrane 1s constructed of one or more
layers, preferably twe layers. Customary two-layer
filter membranes consist of a support nonwoven and of a
porous membrane layer. During the production of filter
35 composite material, the support nonwoven is bonded to

or laminated with the drainage laver such that the



ribbon-shaped drainage layer by means of liquid WO 2010/015345- 5 -PCT/EP2009/005471 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
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 fram acgeparatezstock reservoir reel agd combined in g0 pressure mallcouple 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 t%@@ﬂ@%‘ﬁ%‘%fa@ebefgy&l%ufg?!}/ﬁ%%eﬁ%iog%b%qeed to %he filter énerggranes. The
: [ tallic Fi

drainage layer is composed of a polymer, inorganic or m bon material which has an open
structure to conldtiét fldids tRroughoThe taterial'6f-thé drainagé! 2o |ayer i reféraBiy e fttice or
spacer knit madexgtplastic. Spacetdahits knownrin themptios adconsist bf fitst and=sespndsheet-like

loop structures ang,a,system,of pile.threads.arranged hetween said first.and.secopd logp structures.

The pile threads are spaced 2 re%ularl relafive to one another and in the warp or weft direction of the

loop structiires “Eachpife- tHr8ad PaSsinty AlternateifhT6tsh I0BHS b the firstRirtr<etondloop
structures suchtthat thepilethread destritios acsawtootts e spiral coursezB0rEesfilteo membrane is

constructed of emre or aps-layers, preferablytwo layers. Gustomary twarlayer filter membranes
consist of a sup ort.nonwoven and of atpSoroOug mer%brg% ayer. During duction of filter 35

I the
composite mat rTa,t%-easu orf Ronwoven is bondad o - 1Er U Eoney p&rgsui ene,
polyacrylonitrile, polyvinylidene fluoride, polyamide,
10 polyetherimide, cellulose acetate, regenerated
cellulose, polyolefin or fluoropolymer. The porous
membrane layer 1s for example produced by a nonwoven or
woven fabric being ccated with polymer solution and the
polymer being precipitated out in a subseguent phase
15 dinversion step. Alternatively thereto, a polymer sheet
is suitably stretched to produce pores in the polymer
sheet. The stretched polymer sheet is then laminated
onte a support nonwoven for mechanical stabilization.
Filter membranes produced 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 blanks having a suitable, preferably rectangular shape,
are cut out, for example, from a filter composite
material of the above-described type. The filter blanks
obtained are sealed in & 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 or ultrascnic welding;
- adhering, wherein, in an edge region of the filter
blank, a liguild adhesive is introduced between the
35 drainage layer and the filter membranes and

cured/cross—-1linked;



or laminated with the drainage layer such that the WO 2010/015345- 6 -PCT/E32009/005471 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

polyethersulfongopolysulfone, alyacrylonitrile, polyvinylidene fluorige; patyanige, 40 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 solution and the polymer

being precipitated out cﬂ{%‘ s@éﬁggHgQ%r%}Easqﬂ%% % fﬂSiOQr‘?tep@ @%tgrn%tﬁig\?%@ergtg, at%oelymer sheet
h S

is suitably stretched to produce pores in the polymer sheet. The stretched polymer sheet Is then

laminated onto a suppott-hGiwoveRTér méchafical 3tASFZal®N. FikeriEmBranéé prodtieed by these
methods are 20 commrdially avaitabie des exaniplkelassNADIR @: mentbranes (MICRODYN-NADIR
GmbH, Wiesbaden) ogggégard(r) flat sheet membranes (Celaard Inc., Charlotte, NC, USA). In order to
produce flat filter elements 60, filter,25 blanks having a suitable, preferably rectangular shape, are cut
out, for exgmplé, fronT% filtéF Cormposite materat b ttfe abdvetdésctibed type. The filter blanks
obtained are sealed irPa floftktightrhaanecatithe edgés byameans ofiknowrs methods, such as, for
example 30 bonding the drainage layer to the filter membranes by thermal or ultrasonic welding;
adhering, Whert_e[izg, i% @Sedgcea%eegion githeifélgert bl%nk,ma I_li:qua;gfdhesive iS i troduc(géj between the
35drainage layér and the filtér mémbranes and. cure%ycross-lﬁnkle ; WO DU107015345-F ¢
-PCT/EP2009/0054/ans, preferably three or four edge regions of the

10 filter blanks, are sealed in a fluid-tight manner over

thelr entire length.

The preferably rectangular flat filter elements 60 thus
obtained have a first and second edge region (64, 66)
15 sealed in a fluid-tight manner 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 ferm a cvlindrical 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 & 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 to the single- or multi-layer stack of flat
filter elements 60 prior to the winding of the spiral
body (see Fig. 3). Said spacer elements 80 are, for
example, wide-meshed lattices or nets made of plastic.
30  One spacer element 80 1is preferably inserted in each

case between two flat filter elements 60.

The spiral body which 1s fixed by means of holding
devices with the opticnal distributor pipe 70 is
35 provided with a first end wall 3 by being cast on the
end side with a liguefied, curable material and the



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 have a first and second edge

region (64, 66) @5 sealed ima Huigl-tight manner ands third and fourtitopemr fices unsealer) 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 mechanical holding devices, such as,

for example, bands orrings. The fia fifer elements 80 are preferably,wound around.a disfibutor pipe

70 (see Fig. 2b). In a development of the irivention, one or more spacer elements 80 which are 25 of

sheet-like -desiff throdgHEwhichthaFlow tan pads dreSadtied t& the ‘Sihgfe- ormhuft-iayer Stack of flat
filter elements 6@ prierto the winding of:the spiralliadyt(see Eigr 8). Saidispacer elemeints 80 are, for

example, wide-pesheddattices or.nats made qf plasticy, 30 One spacer.glement 80.is preferably

inserted inSeaCh Caser?etwe.en two flat filter elements 60. The 3% al body whic is\gxecéby means of
holding devices With tHé bptidhal distAibiter pipe 70’ 38 providedMith & first ehd wall'3 By being cast

on the to a predetermined height with epoxy resin. In order to
reinforce the end wall 3, it is expedient to mix glass

or carbon fibersrin with the epoxy resin. Subseguently
thereto, the spiral body 1s oriented relative to the

10 casting body 1in such a manner that the Ifirst edge
region 65 1is fully dimmersed 1in the epoxy resin. The
epoxy resin is 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 is mechanically
machined by means of sawing, milling, turning or
grinding machines in order to provide the first end
wall 3 with a precisely defined final shape and 1In
crder to expose and to open the edge region 65 on the

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

flat filter element 60, i.e. To the drainage layer ©2.

Cwing to the three-layered construction thereof
25 congisting of twoe filter membranes (61, €3} and the
drainage layer 62 located in between, the flat filter
eglements 60 are robust and withstand a trans-membrane
differentiai pressure between the outer side of the
filter membranes (61, 63) and the drainage layer 62 of
30 greater than 2 bar, preferably greater than 10 bar, and
particularly preferably greater than 20 bar without
mechanical damage or leaks formihg. According to the
invention, the flat filter elements 60 have a length of
0.1 to 6.0 m, preferably of 0.4 Lo 4.0 m, and
35 vparticularly preferably of 0.6 to 2.5 m, in the

directicon of the axis 2. The space region which 1is



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 casting mold having a rectangular or 5 circular
inner cross section and a plane 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 teretw, the spralkbody is oriented relagive to the 10 casting:ipody: m/suctua manner that
the first edge region 65 is fully immersed in the epoxy resin. The epoxy resin is then cured thermally or

by means of UP light to form a perform which encloses the first edge region 65 in a fluid-tight manner.

The preformis 151 ved from casting mold and is,mechanically. machined by me of sawing,
milling, turning %r%%n mS n%aﬁ:hﬁtﬁess ing %%ég}% Lévv%lél ﬂwe%(lirg%er%gl vii//gﬁlé V\ijirt]heélﬂ %%e%si?yédefined
final shape and'ifi®order 6 kpose'aR@ 16 6fén the gt re§ion 65°of theP2F baitet3ide 31 of the end

wall 3, thus produting:access throughewhich the: flow canipasstosthernaterior afitheflat fiter element
60, i.e. to the drairage layer 62. Qwing to the three:layered consfriction thereof 25 cansisting of two

filter membranes (61, 63) and the drainage layer 62 located in between, the flat filter elements 60 are

robust andwithfand & FanShieibranédifferential prassuré betwEE fre oltef side®tife filter
membranes (61}163)andcthe draihagedayer 62 of B0 grBates thare 2 bandpreferablygreateethan 10 bar,

and particularly-preferablygreatgifhan 2@ par withopt mechanical,damagesarieaks forming. According
to the invention, the fI%t filter elemdezn;fsﬁqhayeﬂlgggthlof 0'151%056' m, gge&er%glg OEOA to 4.0 m, and

35 particularly gr%%é:r% I}S/yof 5810 m- in the diréction of the axis 2. The Space reglgﬁu\?v]ﬁich is filled

with the spirallypwegnd-fiat filker efefient$ B0 has altadialfdimension 6 0.05816MB it pfeferably of 0.1
to 1.25 m, @nd patticularly-prefesably of 0. 2:t0:Q.8«m-with respest totheraxis 2as the central axis 5 of
the spiral Windigg. Irbt@i%&ase, t@gf@@ig qLi tar[?e3(ref@£re to i iFig 288, ! Eher ference
number 160) between the Jutef side of the 2piraﬂy wound flat filter e%élmenégé%aén tﬁéfljﬁ%er side of

the same or furtHéi it fitéreletrents 68, 16 wWilich inn? sideHis Bijacent 10'Sa1d outér-§idg, is 0.1 to
20 mm, preferablyi0.B<to 8 mima,aineparticuladis prefesabily 6:5%td0 3dnme Thecspirallyawousnd filter

module 1 having the.abovementioned.dimensiops has an.actiyg filtration surface ofgregter than 50
m2,15p 5ferably greater than 250 m2, and particularl§§refe5ably of greater than 1000 mz2, per filter

re .
module. ih’a déVefopmartof thedh§éntion, the Hiter module™ which & shoWf‘in Figs. & akid Ib is
provided with acsecbadantywalf Sowhetein thé:secoritléndivallBis filter module.

In a development of the invention, the filter module 1
which 1is shown in Figs. la and 1b is provided with a
gecond end wall 5, wherein the second end wall 5 is
20  manufactured in the same manner as the first end wall
3, for example Dby casting with a liguefied, curable
material. Fig. Z2a shows a schematic sectional view
through 2 filter module 1C¢ 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 elements 60. Analogously
thereto, the second end wall 5 has an inner side 53 and
an outer side 51. The third and fcourth edge regions
{65, &7) of the flat filter modules 60 ars 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, 6€7) which are
arranged in the end sides (3, 5) and are open on the
outer sides (31, 51) connect the interior of the flat
35 filter elements €0, i.e. the drainage laver 62, to two

half spaces which are adjacent on the ocuter sides (31,



20 manufactured in the same manner as the first end wall 3, for example by casting with a liquefied,
curable material. Fig. 2a shows a schematic sectional 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
31, 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 regions (65, 67) of the flat filter

modules 60 aremgpernon the 88 s4espective outer sides (31, 51) and arersepsrated in @fluid-tight
manner from the inner sides (33, 53). The third and fourth edge regions (65, 67) which are arranged in

the end sides (3, 5) and are open on the outer sides (31, 51) connect the interior of the flat 35 filter
elements 60, '%lt e d{gin layer. 62, to two half spaces which are adjacent on the outer sides (31,
WO 2010/0153455] 10 -PC%%ZO?&/@%%ﬁ?l%Olﬁg ?Ee ‘|Ite\r%lrjfn1%13ule%f E1m‘rorrcl)_lt1rtices %g%rde%% distance
between the outer'Sidé 6 thepirafy wbtifid flatitter SlbAfeni60tarf the inrer side"sfRe same or
further flat filter®elemerits 160: the=ihnee side Sbeing adjacentita:said eutee side, isengtedby a double
arrow 160. Fig. 2b shows ap.advantageeys empodiment gf.a filtep modyle 10' agcording ta the

invention having two end 10 walls (3, 5) and a centrally arranged distributor pipe 70 which connects
two ductslg, oFRthE ertfWARS (3, 5): Thé@héts G 85 Senfe thsupply and AT céhtiuct an
untreated fluid Whighlis te bedilteted) 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 betweenEtjhe spgglly s‘;%%%sd fIa'%1 filtgcr:1 elaergn%ntg 06195 20 F'@b crglurlslrate a furtger filter module 10"
according to the irfvention in which the fQur'Eﬁ eé:g region 67 -an tlheeoﬁtioﬁ | distri EII]OT‘%ﬁ)e 70 are
enclosed in a fliiRtigtt mehnerdsicthedseepnd end-wall 5.252Rig 8a shows Behemwaticallythe cross
section of a filteraneodule agcarding:ta the iBvention with an eptigaal distibutos pipe-7Q.and two spirally
wound 70 which connects two ducts (7, 9) in the end walls (3,
5). The ducts (7, 9) serve to supply and further
conduct an untreated fluid which is to be filtered. In
the wall thereof, the distributor pipe 70 has one or
1% more openings 71 through which the untreated fluid
flows 1in the radial direction toward the ocutside into
the space between the spirally wound flat filter

elements 60.

20 Fig. 2c  dllustrates 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.

25 _

Fig. 3a shows schematically the c¢ross section of a
filter module according +to the idinvention 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 1is 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 fTurther flat filter elements '60, said inner side

being adjacent to said ocuter side, is denoted by a



flat filter elements 60 and a spacer element 80 30 arranged between the flat filter elements 60. The
spacer element 80 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 WO 2010/015345- 11 -PCT/E92009/005471 double arrow 160. The radial distance 160 is 0.1 to
20 mm, preferaialy 08 ®/8 n¥B4and particularly preferably 0.5 to 3 mn. /A Father éxamples of spiral
wound arrangements according to the invention are shown in Figs. 3b and 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 offlat filter 10 eferpents: 60 extend spirally gutward in the manner af rays from

starting points which are essentially at the same radial distance from the center axis of the filter
module. A respectivd spader BlémMERt80 is Arranged betweBR two Adiacent Hiat fiitet étéménts 60. Fig.
3c 15 illustratey ascombinatio® obafénerrwound arrangement according to Fig. 3b and an outer
wound arrangement surrounding the inner wound arrangement, according to Fig. 3a. 20 Figs. 4a and
4b show p rspgcti\'/ : _artiallg seftioneqcviews of furtheafilgerr m%duell% Zlgl)taccocr:din% a Ehe invention
with two efnd w h%%,% ard glﬁoﬁssiné)ﬂ, wheréin tﬁ"égélﬁges o the Bnd walls @ %?are connected to
the housing 4 ifia filig-tightrrannern Thssendwalls 25! (3 5y are ékpetichtlyprovidedwith centrally
arranged ductst{7s 9) ferrthe-conductionitbreughsof an untreated flaid tobe filteteds Thesheusing 4 is

preferably of tubular .configuraéion..qu artgéqedé'%nt de?\/glop{]%eé'ut, t&?gd}?&lsi%%% ovided on the end
t ible t

. . mes o) . '

sides with flanges éld;ll, 13? which make it possible to connect the filter module 20 in a simple
manner to furthef FEFABAUIES20 6r -t othr compoRents df afiltratithh systérh. Dépéridihg on the use
and configiratien @fthe: filteé tnodulesratcardingatoithe invention] itisiexpedienttoner of

rays from starting peints which are essentially at the
same radial distance from the center axis of the filter
module. A respective spacer element 80 1s arranged
between two adjacent flat filter elements 60. Fig. 3c
15 illustrates a combination of an inner wound arrangement
according to Fig. 3b and an outer wound arrangement
surrounding the inner wound arrangement, according to

Fig. 3a.

20  Figs. 4a and 4b show perspective, partially sectioned
views of a further filter module 20 according Tto 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 is preferably of
tubular configuration. In an expedient development, the
housing 4 1is provided on the end sides with flanges

30 {11, 13} which make 1t possible to connect the filter
module 20 in a simple manner to further filter modules

LT

20 or to other components of a filtration system.
Depending on the use and configuration of the filter
modules according to the invéntiom, it 1s expedient to

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

Figs. Za and 2b) of the filter module 20 in the housing



35 arrange one or both of the ducts (7, 9) (shown in Figs. 2a and 2b) of the filter module 20 in the
housing WO 2010/015345- 12 -PCT/EP2009/005471 4 instead of in the end wallls (3, 5). The filter
module 20 withstands an internal pressure of greater than 2 bar, preferably greater than 10 bar, and
particularly preferably greater than 20 bar, without mechanical 5 damage or leaks forming. Fig. 5a
shows an example of a filtration system 100 according to the invention in which a filter module 10"
having two filtermoplutes/1Q' 4 ayow is arranged-10 in a tank 40. The-tanks40: iscprovided-with lines
(130, 130", 140) for feeding in and conducting away an untreated fluid 210 to be filtered and for
removing a permeate 220 filtered out of the untreated fluid 210. The feeding in and conducting away of
the untreated 15 fluj nd the remaval of the permeate fluid 220Q.are indicated in Fig., 5a by means
of flow arrows, gvh%%%%t%ﬁ u%#reét%dﬁ%?d) Efép aﬁgiges paérgn’wegé 'ﬂl,%ld% §2§ :é% ?é:sp%%ﬁ\ge ? symbolized
by a wavy and d6tteti hatcHiAg Pattefid! Twé of e filtePHRBESEEF10910'F4RA 2O (1 8®) in each
case are connecttédto eactrathes viaya cauplingrl 2(- d+g. Bb ibustratesa fyrtherifitration system 200
according o the invention; The filtration system, 200 25 ig compogad pf three filter modules (20", 20/,
20", wherein two adjacent ﬁflter modules (20", 20") and (20", 20") in"each case are connected to each
other via a’coupifily 50T he FitF modties’ (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 70y and.at lsast.ane end wall{3.13) whichgin addition 1q g,central dugt (refgrence

numbers 7 and 9 in Fig. 2b), has one or more peripherally arranged 35 ducts for untreated fluid 210
(reference signagc(fr? ]E%l.%%). A?aﬁrs?enjdnaﬁ‘etﬁiéjfﬁt?atié# sy‘éfse]ﬁ%%o : yﬂter Todule

107" having two filter modules 10’ in a row 1s arranged
10 in a tank 40. The tank 40 is provided with lines (130,
1307, 140) for feeding in and conducting away an
untreated fluid 210 to be filtered and for removing a
permeate 220 filtered out of the untreated fluid 210.
The feeding in and conducting away of the untreated
15 fluid 210 and the removal of the permeate fluid 220 are
indicated in Fig. 3a by means of flow arrows, wherein
the untreated fluid 210 and the permeate fluid 220 are
respectively symbolized by a wavy and dotted hatching
pattern. Two of the filter modules {1077, 107) and
20 (107, 107) in each case are connected to each other via

a coupling 120.

Fig. 5b illustrates a further filtraticon system 200
according to the invention. The filtration system 200
25 is composed cf three filter modules (2077, 207, 207,
wherein two adjacent filter modules (2077, 207} and
(207, 20') in each case are connected to each other via
a coupling 120’ . The filter modules {2077, 207) involve
developments according to the invention of the filter
30 modules 20. In addition to & housing 4, the filter
modules {2077, 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 and 9
in Fig. 2b), has one or more peripherally arranged
35 ducts for untreated fluid 210 (reference sign 9’ in

Fig. €b). At a first end cof 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 and conducting away an untreated fluid 210 and for removing a -
permeate 220 filtered out of the untreated fluid 210. 5 An end wall on the end side of the filter module
20" is preferably stabilized mechanically by means of a cover 150. Fig. 6a shows, in an exploded
illustration, a sectional 10 view of the connection between the filter module 10" and 10' of the filtration

system 100 illugtratediio Fig.z5a. 5The coupling 120 gamprises a coupling bedy 421 vettieh is 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 region of the flat filter

elements 60 is not partially blocked by the coupling bady 121 a\pga;heaflo%mg@@s fylly,therethrough.
The entirety of the ducts 125 is enclosed 20 in a f uid-ti%ﬂ: manner by a respective seal 126 on both

sides of the colling boty AL, In'an Giternatilie embbliihent &4ch oftRE diigts 195 is@idlosed in a
fluid-tight mannerhyactespective: sealrl 28ronrbethesides. ofithe LolUpknglbddy: Theseais&26 are 25

preferably d_esign%ggﬁgggge@tm% ermﬁeraa@%@f ar elastic M%@%'técgl@’t &g§ ‘agria@ged .centrally
in the coupling body 121 serves to feed in and further cogdu,ct unt eaﬁted fluid hLljfh is.symbolized by

closed arrdws MEig Ba. Thé dul123'% sep&rated fro the diictd 12530 if 3Httid-tight manner by
means of sealsiE24 FFigfebzhows iptabexploded ihgstrationca seetiohal vieaasfthecdonaection
between two adjacent filtes modules(20',20")of the filtration system 200 35 illustrated in Fig. 5b. 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 flufdtfightGafifiérin 5 relation t6the e 125t thetcuter sitle D fHe fifer‘module 20'
by meang of seals:126:@&nd-128. & an adtetnative embodimentceachlofdhe duets 127 i enclosed in a

fluid-tight manner by a fespgetive seal 128.9n.both sides of the coypling pady. In,addjtion.fo
Fig. bSa. The coupling 120 comprises a coupling body 121
which is provided with peripherally arranged ducts 125

for permeate fluid - symbolized by open arrows 1in

15  Fig. 6a. The coupling body 121 opticnally has recesses
122 which ensure that the open edge region of the flat
filter elements 60 is not partially blocked by the
coupling body' 121 and the flow can pass fully
therethrough. The entirety of the ducts 125 is enclosed

20 in a £fluid-tight manner by a respective seal 126 on
both sides of the coupling body 1Z1. In an alternative
embodiment, each of the ducts 125 1is enclosed in a
fluid-tight manner by a respective seal 128 on both
sides of the coupling body. The seals 126 are

25 preferably designed as conventional C-rings made of an
elastic material. A duct 123 arranged centrally in the
coupling bedy 121 szerves to feed in and further conduct
untreated fluid which ig symbclized by closed arrows in
Fig. 6a. The duct 123 is separated from the ducts 125>

3¢ in a fluid-tight manner by means of seals 124.

Fig. 6b shows in an exploded illustration, a secticnal

view of the connection between two adjacent filter

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



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 finally shows,in a.
perspective exploded illustration, a coupling 120 which is suitable for use in the filtration system 100
illustrated in Fig. Sa 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. WO 2010/015345- 15

-PCT/EP2009/0@5474; Batent €4aims A filter moduler(l, 10, 10, 10" F26; 2052208 compeizing one or
more flat filter elements (60) wound spirally about an axis (2), a first end wall (3) and optionally a
second end wall (5), wherein each flat filter element (60) comprises two filter membranes (61, 63) and

a drainage layer(p2layianged bemvesnng flecmembrangs (5l, 63y gachdas fier elemet (60 has

first and second edge reglonsé 66) which run substantially in the direction of the axis (2) and are

sealed in a fluid-fight nafiher: 15% BRER flat FItEFElemenrt (60) 1145 a thitd &&feTegion {68)Iwhich is
connected to thesfirsbend wall (;thecthird @dgearegions(65) iS5 open at anmwtiter sidé (3L} of the first

end wall (3); 2Qthe.third edge rggion {65)is:sealed;in a gwditgpimyﬁg{n relatign.to an inner side
(33)CWthefWSt§Qd§N%ﬂ>3)éﬁ? the ducts 125 and the outer side of the
filter module 20’ by means cf seals 126 and 128. In an
alternative embodiment, each of the ducts 127 is
enclosed in a fluid-tight manner by a respective seal
128 on both sides of the coupling bhody. In addition to
10 a central duct 9 (see alsoc 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  ®wig. 7  finally shows, in a perspective 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.



each flat filter element (60) has a fourth edge region (67) which is sealed in a fluid- 25tight manner in
relation to the inner side (33). 2.The filter module (10, 10, 10", 20, 20", 20") as claimed in claim 1,
characterized in that 30the filter module (10, 10' 10", 20, 20', 20") has a second end wall (5); the fourth
edge region (67) is connected to the second end wall (5)7 the edge region (67) is sealed in a
fluid-35tight manner in relation to an inner side (53) of the second end wall (5); and WO 2010/015345-
16 -PCT/EP2062/00534 7], thesedge region (67) is enclosed in a fluidtight mamner by the second end
wall (5) or is open on an outer side (51) of the second end wall (5). 3.The filter module (1, 10, 10', 10",
20, 20', 20" as claimed in claim 1 or 2, characterized in that the filter membranes (61, 63) are
area-bonded to}‘gg‘e‘gﬂ@n@ggi@ygr (62). 4. The filter module (1, 10, 10", 10", 20, 20', 20")

1. A fillter module (1, 10, 1¢r, 107, 20, Z2¢7, 207

comprising one or more flat filter elements (60)

N

wound spirally about an axis (2), a first end wall
(3) and optionally a second end wall (b)), wherein
egach flat filter element (60) comprisss two
filter membranes (61, €3} and a drainage
lavyer (62) arranged between  the filter
16 mempbranes (61, ©63);
each flat filter element (60} has first and
second edge regions (o4, 66) which run
substantially in the direction of the axis
(2) and are sealed in a fluid-tight manner;
15 each flat filter element (60) has a third
edge region (65) which i1s connected to the
first end wall (3);
the third edge regicn (65) is open at an
outer side (31) of the first end wall (3};
20 the third edge region {(65) is sealed in a
fluid-tight manner 1in relation to an inner
side (33) of the first end wall (3); and
each flat filter element (60) has a fourth

edge region (67) which 1is sealed in a fluid-

25 tight manner 1in relation to the inner side
(33).
2. The filter module (10, 1067, 107, 20, 20", 207) as
claimed in claim 1, characterized in that
30 the filter module (10, 107 107, 20, 207, 20"

has a second enc wall (5);

the fourth edge region (67) 1s connected to

the second end wall (D5);

the edge reglon (67) i1s sealed in a fluid-
35 tight manner in relation to an inner side

{53) of the second end wall (5); and



as claimed in claim 3, characterized in that the filter membranes (61, 63) are laminated with the
drainage layer (62). 5. The filter module (1, 10, 10", 10", 20, 20, 20") as claimed in claim 1 or 2,
characterized in that the flat filter elements (60) withstand a trans-membrane differential pressure
between the outer 20 side of the filter membranes (61, 63) and the drainage layer (62) of greater than
2 bar, preferably greater than 10 bar, and particularly preferably greater than 20 bar without
mechanical damage@mrdeakssfotming. 25 6. The filtérsmedule (1, 10PC0/ B2, R0 200 207)Las claimed
in claim 1 or 2, characterized in that spacer elements (80) which are of sheet-like design through which
the flow can pass are 30 arranged between the outer side of the spirally wound flat filter elements (60)

and the inner side of the same, ar fukther flat filter eleggnts (60)-said inner side:being,agjacent to said
outer side. WO 2010/015345- 17 -PCT/E820Q9/005471 it has an ac%’ve f”ff‘ti?t% uggce of greater

S

than 50 m2, preferably greatbr-tn J5GHP" ahd pariicutay preférably’st greatdr than 1000 m2.
58.The filter module (1, 10, kQst0"020,20', Q0 fas claitred inldlaiffl bh2, cHataéerizddin that the
flat filter elements (60) have gJength=0f 0.1 to 6.0 m, preferably of 0.4 to 4.0 m, and particularly
preferablyé)f 0.6 to 2.5 m in the 10direction of the axis (2). 9.The filter module (1, 10, 10', 10", 20, 20',
20") as claimed in claim 1 or 2, characterized in that the space region filled with the spirally wound 15

flat filter elemefits (60 has &radliaf diftshsien df0.05 to 1.5, préferably Of 04%0r1.28 m, and

particularly preferably 0§ 02 t0i @.8:m withagespect 10 the axis (2)a2@10: She-filter imoduten(d, 10, 10,

10%, 20, 20", 207) the filter membranes (61, €3) are area-bonded to

the drainage layer (56Z).

10

4. The filter module (1, 1¢, 10’, 107, 20, 20", 207)

as claimed in claim 3, characterized in that the
filter membranes (61, 63) are laminated with the

drainage layer (62).

5. The filter module (1, 10, 107, 107, 20, 20", 207)
as claimed in claim 1 or 2, characterized in that
the flat filter elements (60) withstand a trans-
membrane differential pressure between the outer

20 side of the filter membranes (61, 632} and the
drainage layer (62) of greater than 2 Dbar,
preferably greater than 10 bar, and particularly
preferably greater than 20 bar without mechanical
damage or leaks forming.

25

6. The filter module (1, 10, 107, 107, 20, 207, 207)
as claimed in claim 1 ¢r 2, characterized in that
spacer elements (80) which are of sheet-like
degign through which the fiow can pass are

30 arranged 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),

said inner side being adjacent to said outer side.

35 7. The filter module (1, 10, 107, 107, 20, 207, 207)

as cilaimed in claim 1 or 2, characterized in that



as claimed in claim 1 or 2, characterized in that the radial distance (160) between the outer side of the
spirally wound flat filter elements (60) and the inner side of the same or further flat 25 filter elements
(60), 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. 3011. The filter module (10, 10", 20, 20', 20") as claimed in claim 1
or 2, characterized in that the first end wall (3) and/or the second end wall (5) have/has centrally
arranged ductsi@, 9)) 1moduleseamprises a distributpr pipe (70), thexdistributarpipe (£Q) keing
connected to the duct (7) and/or (9) and having one or more openings (71) in its wall. 5 13. The filter
module (20, 20', 20") as claimed in claim 1 or 2, characterized in that said filter module comprises a

housing (4), and in that,the housing (4;@ngiréneggq%r}gt@gq{tiggﬁmggr 10to tggéigsgea]pd optionally
to the second end wall (3,5). 14. The filter module (20, 20', 20") as claimed in claim 11, 12 or 13,

characterized in that saitf 15 fiter Module” RAthEENGE af Tiitérrial presédre 6Pgredter thah® bar,
preferably greater thapdfthar:and partictdeity-pteferably greaterdman 28rbar Withaut mechanical
damage or leaks forming. 2015. The filter module (20, 20, 20") as claimed in claim 13, characterized

in that the housing (4)_is of tubular configuration. 16. A filtration system (100, 200) for filtering a
25permeatg; fluéd' (220) Bt f%rifﬁﬁtrg‘é‘\t%alffﬁlid (]2’10)fq:bm]p¢isi’ng]ﬂ[§tef UIe%g()l,’ 1(’11%10l 10", 20,

20', 20") as as claimed in c¢laim 1 or 2, characterized in that
the flat filter elements (60) 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

10 direction of the axis (2).

9. The filter module (1, 10, 107, 10", 20, 207, 207)
as claimed in c¢laim 1 or 2, characterized in that
the space region filled with the spirally wound

15 flat filter elements (&0} has a radial dimension
of 0.05 to 1.5 m, preferably of 0.1 to 1.25 m, and
particularly preferably of 0.2 to 0.8 m with

raspect to the axis (2}.

20 10. The filter module (1, 10, 107, 107, 20, 20", 207
as claimed in claim 1 or 2, characterized in that
the radial distance (160) between Tthe outer sgide
of the spirally wound flat filter elements (60)
and the inner side of the same or further flat

25 filter elements (60), 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.

30 11. The filter module (10, 107, 20, 207, 207y as
claimed in claim I or 2, characterized in that the
first end wall {(3) and/ocr the second end wall {5)

have/has centrally arranged ducts (7, 9).

35 12. The filter module (107, 107, 20', 20”) as claimed

in claim 11, characterized in that said filter



claimed in one or more of claims 1 to 15; couplings (120, 120") for connecting the filter 30modules (1,
10, 10, 10", 20, 20', 20"); and lines J130, 130, 140) for untreated fluid (210) and permeate fluid (220).
17. The filtration system (100, 200) as claimed in 35claim 16, characterized in that each coupling (120,
120") comprises a coupling body (121) with WO 2010/015345PCT/EP2009/005471 ducts (125) for
permeate fluid (220) and seals (126), the seals (126) enclosing the ducts (125) in a fluid-tight manner.

518. The filtratign systeny (1003 200) as claimed in claim-17, characterized iy thaed each £oupling (120,
120") has a duct (123) which is arranged centrally in the coupling body (121) and is intended for

untreated fluid (210), and seals 10 (124), the seals (124) enclosing the duct (123) in a fluid-tight

manner and sealing S%Ig gpp in gé% I_;L%I%t manner,in r@lank())n to the ducts (1 § 19 The filtration
system (100, 200) as clalmeéln 15 %m 7 ?8 C a?ralétjérlze n that'e each%:ouphng fo 120') has

ducts (127) which are G&fsnged Periphers§ in %%fcdﬁ%ﬁﬁ@ bodi}“(l%*}%ﬁd ‘e infénhdedF6r untreated
fluid (210), and seals ({I28), theigeals (128) enctosingithe ducts:20(1427) iva fuid-tight.maaner. 20. A
method for the producgl@@ of a filter module (1, 10,10',10",20,20',20")for filtering a permeate fluid (220)
out of an ugnreated fluid

13. The filter module (20, 207, 207} as claimed in
claim 1 or 2, characterized in that said filter
module comprises a housing (4), and in that the
housing (4) is connected in a fluid-tight manner

10 to the first and opticnally to the second end wall
(2, 5.

14, The filter module (20, 20’7, 20”) as claimed in
claim 11, 12 or 13, characterized in that said
15 filter module withstands an internal pressure of
greater than 2 Dbar, preferably greater than
10 bar, and particularly preferably greater than

20 bar without mechanical damage or leaks forming.

20 15. The filter module (20, 207, 207} as claimed in
claim 13, characterized in that the housing (4) is

of tubular coenfiguration.

le. A filtration system (100, 200) for filtering a
25 permeate fluld (220) out of an untreated fluid
(210}, comprising
filter modules (i, 10, 107, 107, 20, 206', 207) as
claimed in one or more of claims 1 to 15;
couplings (120, 1207) for connecting the filter
30 modules {1, 10, 10’, 107, 20, 207, 20”); and
lines {130, 1307, 140) for untreated fluid (210)
and permeate fluid (220).

17. The filtration system (100, 200} as g¢laimed in
35 claim 16, characterized in that each coupling
(120, 120") comprises a coupling body (121) with



25(210) as claimed in claims 1 to 15, wherein one or more flat filter elements (60) having first and
second longitudinal edges (64, 66) sealed in a fluid-tight manner and having third and fourth end-side
edges (65, 67) which are open or sealed 30 in a fluid-tight manner are wound to form a spiral body;
the spiral body obtained is provided with a first end wall (3) by the spiral body being cast on the end
side with a liquefied, curable material and 35the material subsequently being cured, with the first end

wall (3) enclosing the thirthedges (65) in a fluid-tight ynanner; the end:wall 3Disanectsanically
machined on an outer side (31) in such a manner that the third edges (65) are opened on the outer
side (31) and are available for the conduction of permeate fluid (220); the spiral body is optionally

provided with a secon%l(inﬁdswakll(% py t@g lspi plgggggingfggsfé)n tir?ezgr)]d side;with.a liguefied,

curable material 10 and the material’'subseque tlﬁ being cured, with the second end wall (5) enclosing
the fourth edges (67) in'a fibid-tighE maRferand thd lendWah(B¥ BEing HfechHfitally achined on an
outer side (51) in such.a marierithattheHourth edges (67) are 15 opened on the outer side (51) and
are available for the conduction of permeate fluid (220); and the spiral body obtained is optionally
provided with a housing (4), with the first end side (3) a, ptionally the second end side (5) being
20connected in'd quidT-% t iannéfto-the h&YﬁﬁS.&’ ﬂ%%, 20 eE elatned i

claim 17, characterized in that each coupling
(120, 120') has a duct (123) which is arranged
centrally in the coupling body (1Z21) and 1s
intended for untreated fluid (210), and seals
10 (124), the seals (124) esnclosing the duct (123) in
a fluid-tight manner and sealing said duct 1in a

fluid-tight manner in relation to the ducts (1Z5).

19. The filtration system (100, 200} as claimed in

15 claim 17 or 18, characterized in that =each
coupling (120, 120") has ducts (127} which are

arranged peripherally in the coupling body (121)

and are intended for untreated fluid (210}, and

seals (128), the seals {128) enclosing fthe ducts

20 (127) in a fluid-tight manner.

20. A method for the production of a filter module (1,
16, 107, 107, 20, 207, 207) for filtering a
permeate fluld (220) out of an untreated fluid
25 (210) as claimed in claims 1 to 15, wherein
one or more flat filter elements (60) having first
and second longitudinal edges (64, 66) sealed in a
fluid-tight manner and having third and fourth
end-side edges (65, 67) which are open or sealed
30 in a fluid-tight manner are wound to form a spiral
body;
the spiral body obtained is provided with a first
end wall (2) by the spiral body being cast on the.
end side with a liguefied, curable material and
35 the material subsequentliy being cured, with the
first end wall {3) enclcsing the third edges (65)
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in a fiuid-tight manner;

the end wall (3} 18 mechanically machined on an
outer gide (31} in such a manner that the third
edges (65} are opened on the outer side (31) and
are available for the conduction of permeate fluid
(220);

the spiral body is optioconally provided with a
second end wall (5) by the spiral body being cast
on the end side with a ligquefied, curable material
and the material subsequently being cured, with
the second end wall (5) enclcsing the fourth edges
(67) in a fluild-tight manner and the end wall (5)
being mechanically machined on an outer side (51)
in such a manner that the fourth edges {(67) are
openad on the cuter side (51) and are available
for the conducticn of permeate fluid (220); and
the spiral Dbody obtained is optionally provided
with a housing (4}, with the first end side (3}
and optionally the second end side (5) being

connected in a fluid-tight manner to the housing.



