Filtration system having fluid couplings The present invention relates to a filtration system which
comprises one or more flat filter, capillary tube 5 filter or wound filter modules with a permeate drain at
the edges and fluid couplings for connecting the filter modules to a fluid distributor, or to further filter

modules. 10 M#®y 8P/t fitration systems having flat filters, RAR<EBAO 094D FBARample, for

wastewater cleaning, contain filter modules with a tubular or box shaped housing which is open at the

top and bottommantinavhieh asplurality atfiatfiter elemenisase dbsarranged parallel to one another.
The gaps between the filter elements form passages through which the flow can pass. The filter

elements are embodied as pockets or cassettes in which a flexible or rigid drainage element is
surrounded on bofh SIS sUBPETS6 AonwE/eH-EGated with affilteF ifdmbrane ¥ ahaTeferred to

below as a membiarie nomwover: £achdilter etement hastopehnings-which@até arangedicentrally or at
the edges and via which said filter elementis connested tg a-pipe system.tor evacuation.of the

permeate fluid 25 passing thropué%h the filter membrane. The drainage element serves as a spacer and

shaping support &t the FiemBFihe idhwoveEnerand 7 coRdudty avay e péteate t&the openings
and for evacuationtthiereof IPhelow Fesistancesofrthewdrainage element infitieacesthe B30distribution
of pressure in the dntedar of the filter element and, in association therewith, the efficiency of the filter.
NO 03/037489 Al describes a filter module for cleaning 35 wastewater, with a plurality of filter
membrane pockets which have at least one opening for draining the interior thereof and are arranged
vertically;-paralt&tand préferdtily at thePs@me distancefrom orfe &R6GtAST i atigid hofde# in such a
manner that a licjuid eas flow intersively:thiough thergapsdecated between adiacentfiltes membrane

pockets. 5 DE 2 213,165 disclases gt fvwhich ths filer catidge capsists of a mulfjayered cloth

e
which is wound spirally and has two opposite, spiral end surfaces. The layers forming the cloth are
sealed in such a'HA&RAertRACHRIIU éAtering tiEfterat the top and bottom and

in which & plurality of flat £filter elements are
15 arranged parallel to one another. The gaps between the
filter elements form passages through which the flow
can pass. The fillter elements are embodied as pockets
or cassettes in which a flexible or rigid drainage
element 1s surrounded on Dboth sides Dby a support
20 nonwoven coated with a filter membrane - and referred
to below as a membrane nonwoven. Each filter element
has openings which are arranged centrally or at the
edges and via which saild filter element is connected to
a pipe system for evacuation of the permeate fluid
25 passing through the filter membrane. The drainage
element serves as a spacer and shaping support for the
membrane nonwovens and for conducting away the permeate
to the openings and for evacuation thereof. The flow
resistance of the drainage element influences the
30 distribution of pressure in the interior of the filter
element and, 1In association therewith, the efficiency

of the filter.

WO 03/037489 Al describes a filter module for cleaning
35 wastewater, with a plurality of filter membrane pockets
which have at least one opening for draining the
intericr therecof and are arranged vertically, parallel

and preferably at the same distance from one another in



10 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 layer is 15 placed against the surface of

one of the spaags laye1D By messs of the use of a thin spacer layerparcomzans dlitgnearizdge having
a large active filter surface per unit of volume is obtained. 20 US 5,304,312 describes a sealed filter
unit with a first gnq#%goc{w%%q%%p ?ﬂ the. g%d %idﬁg vr\{gze:rejcqjglg eandﬁaé)s.l’lqavg cgngﬁgt‘grs for the
connection of lines for an untreated |qui§ to be filtered and for a permeat “iltered out of said untreated
liquid. The 25 filtBF-GRiE é3Rtalhs Bl Blentéiit whithSs aRarded betwess the et 8853:and consists
of a spirally wound, tteo-layeted:filter wonypasite material which comprises a filter layer and a
liquid-impermeable spacer layer. At the two opposite end sides of the spirally wound filter 30
composite material, the edges of the filter layer are each connected in a liquid tight manner to the

spacer lay@ér adjicent ohthe feft antSightSThis ondtiddtioh enstrédthat the Gftreated-iduid supplied
via the first endccaptirdsipepenmeatestie fiftér layerfirst i35 grderdo be rerhoved ashpermeate at the

second end cap; pgHorated pipe; An untreatedfluid tobe filtgred gsL%léqpliegEglirgygh the, perforated
pipe and brougg% ilrjtfo g%%tactwigh th% sgir‘[ally gvo%ldncapglgr% filtfr %at. By means. of a pressure
differential between the inside 5 anc]i oltside of the 1Ca%illary iiters a per?neeatesi%?i}t% ed ot of the
untreated fluid &8¢ femdvedFontthe interior dfitke capillafy filtsrs sAdcess tothe iftéficesf the

capillary filters iszprovideddy thetwayendsides of- the spirally wound apiltagy: filtes 10:mai;being
provided with end caps,made of a astable, curable materi th ps.qbtained,being cut to
size substantial?y perpSéndicuIaﬂy tQ%AOﬁgit%%ﬁ%%xig%q#t Qe%ap?ﬁ%%% ’E’lglfglerlssliefl%r1 ur?r?zlegonstant
operating conditiond, %<&tk asitFansimefibrarie” diffefsifiaP Fressuret asidsichhiérit ahd v velocity of
the untreated fluid, theceapatity of ecfitratioro system, seathe vollge of unteated fluidifiltered per hour,

is proportional to.the actiye 2Q filtration surface. Due tq-the; prougtionsinduced mitations and to the
limited meghanical load-bearing capacity of industrially manufactured filter membranes, the size of the
active filtﬂea%on BdAsEs of EshventionaiTilter rdtitifes dpWArd i§ imited. 58 Fhsfefdra! fif Srder to
construct filtratior systens having & highdfiltration capacity s@darge number of filter ongdutes are

connected to ome apethet-in-a typesef paralieh gonnectionby means, of a-pipeline system:Pipeline
systems of this t%pe which c%storg?rgx have ag mi%ltiglicity of branches and pipe couplings are costly

to produce, corﬁpllrcaltléld1 Fo install“and incréase the sp%c'e required by the filtration system without

contributing to the filtration capacity. 35 Accordingly, it is the object of the present invention to provide
a filtratiorz 8ysters hayihgssisipte and=effective fluid cerduction. Furtheemore, the inventionsis intended
e hseshe e Il ol el g o sion v vl 2 e
énd caps have connectors for the connection of lines
for an untreated iliguid to be filtered and for a
permeate Ifiltered out of sald untreated liguid. The
25 filter unit contains a filter element which is arranged
between the end caps and consists of a spirally wound,
two-layered filter composite material which comprises a
filter layer and a ligquid-impermeable spacer layer. At
the two opposite end sides of the spirally wound filter
30  composite material, the edges of the filter layer are
each connected in a liguild tight manner to the épacer
layer adjacent on the left and right. This construction
ensures that the untreated liguid supplied wvia the
first end cap has to permeate the filter layer first in
35 order to be removed as permeate at the second end cap.
EP 1 256 372 AZ teaches a filter module which comprises

a capillary filter mat wound spirally arocund a



5 This object is achieved by a filtration system, comprising one or more filter modules and one or
more fluid couplings for coupling the filter modules to a fluid distributor and 10optionally for coupling
said filter modules to further filter modules, wherein the filter modules are configured as flat filter,
capillary tube fifter eroyoynd Bitars modules with single or deghlgmesmeale gutieisl5openings
at the edges; the fluid couplings have at least one duct for permeate fluid, and the duct for permeate
fluid is connect I utlet openings..20 Devel ents of the invention are distinguished
in that the ﬂuid%%l%%l?r}ga%%ﬁ]a?é%lgeés?%@le%&%%%oar%uen%reﬁm%%%idt, (\Dlvh%c iéﬁlnﬁs\%efa?é&% a fluidtight
manner from 25tHEBRILEEfbr pBAAESER fiikF HagHteadi e BlBEorEshcBrAtrA@TTuid: Which is
isolated in -a fluidtightananmetr fromithe dudtfei permeate fluid; has ad teastane ductfer-untreated
fluid and 30 at Iggst.one-duct for copcentrate fluigh which. ducts are each isolated in:g fligtight manner
from the d%ct forr{)(frmeatte fluid; C%m;%rkilsées a co,uﬂing bodg_whlch is of single-piece, two-piece or

i a outside ¢ capillay lters, a permeate is
three-piecé desigm; P Y - y D

filtered cut of the untreated fluid and removed from
the intericr of the capillary filters. Access to the
interior of the capillary filters is provided by the

two end sides of the spirally wound capillary filter

p
&

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
axis of the capillary filters.

15 During constant operating conditions, such as trans-
membrane differential pressure, solids content and flow
velocity of the untreated fluid, the capacity of a
filtration system, 1.e. the volume of untreated fluid
filtered per hour, 1is proportional to the active

20 filtration surface. Due to the production-induced
limitations and to the limited mechénical load-bearing
capacity of industrially manufactured filter membranes,
the size of  the active filtration surface of
conventional filter modules upward is limited.

25  Therefore, in order to construct filtration systems
having a high filtration capacity, a large number of
filter modules are connected to one another in a type
of parallel connection by means of a pipeline system.
Pipeline systems of this type which customarily have a

30 multiplicity of branches and pipe couplings are costly
to produce, complicated to install and increase the
space required by the filtration system without

contributing to the filtration capacity.

35 Accordingly, it is the object of the present invention
to provide a filtration system having simple and
effective fluid conduction. Furthermore, the invention

is intended to make 1t possible to connect a



35- comprises a coupling body which is of single- piece design and has at least one permeate
reservoir,thepermeatereservoirbeing connected to the duct for permeate fluid and to the permeate
outlet openings of the filter module; comprises a coupling body which is of single-piece design and

has at least ongrpepeateoresgamirand atleastonecancentrate resegusi/ die peuneais 4¢servoir being
connected to the duct for permeate fluid and to the permeate outlet openings of the filter modules, and

the concentrate reservoir heing 1connecied fo the dugt for concenirate fluid;and. comprises seals,

the seals preferably being annularly closed. 15 The filter modules are distinguished in particular in that
they comprise BHe G twsEnd Fall8 1 #fth At teasE 5ReEnd Wl halihg Periiedte Gtiffet BpBnings; and

preferably 20- atieastmnecénd wiatlds pigrvadedwithyoriezor.more ducts for permeate fluid; at least one
end wall has one or more ducts for untreated fluid; at least one end wall has one or more ducts

for25C0nc§ntrajtﬁjﬂgld’glgject is achileved by a filtration system,

comprising

- one or more filter moedules and

- one or more fluid couplings for coupling the
filter modules to a fluid distributor and

10 optionally for coupling said filter modules to
further filter modules, wherein

-~ the filter modules are configured as flat
fiiter, capillary tube filter or wound filter
modules with single or double permeate outlet

15 openings at the edges;

~ the fluid couplings have at least one duct for
permeate fluid, and

~ the duct for permeate fluid is connected to the
permeate outlet openings.

20
Developments of the invention are distinguished in that
the fluid coupling

- has at least one duct for untreated fluid,
which 1is isoclated in a fluidtight manner from

25 the duct for permeate fluid;

- has at least one duct for concentrate fiuid,
which 1s isolated in-a fluidtight menner from
the duct for permeate fluid;

- has at least one duct for untreated fluid and

30 at least one duct for concentrate fluid, which
ducts are each isclated in a fluidtight manner
from the duct for permeate fluid;

- comprises a coupling boedy which is of single-
pilece, two-piece or three-piece design;

35 ~ comprises a coupling boedy which 1s of single-
plece design and has at least one permeate
reservolr, the permeate reservoelr being

connected to the duct for permeate fiuid and to



at least one end wall has in each case one or more ducts for permeate fluid, untreated fluid and
concentrate fluid. 30 In another development of the invention, the filter modules comprise a housing
which is preferably of tubular configuration. In a particularly preferred embodiment, the filter 35

modules compiige ope §F M eaonduits for permeate fluid, the congeis fying pulsiantally parallel
to the filtration surfaces and connecting the two end sides of the filter modules. Further refinements of

the filtration system accordipg to the invention are yeproduced in claims 17-19. 5 Thenvention is
explained in more detail bel%w W‘;E[h feference t%uggures, f?\gv%ﬁlljé 8I?1 a §§her%1%ﬁc illhjétirgﬁgn: Fig.
1shows a filtration system%ﬂﬂlt]lﬁée filter modules connected by fluid couplings; 10 Figs 2a-b show

fluid couplings having-coupling bodies whichare Iof singtespiecesand three:piece design;ekigs 3a-c
show sectional views of fil 'rép:%dulgé'sg'?n 4shows q gectional view of twg filter modules 15which are
. p ;

connected by means of a fluid coupling; Fig. 5shows a cross section of a preferred wound filter
module having spirally wolR@ FiaY fitter elefiénts with spacfsiocatedih-205etvesh-4Ad Bigs 6a-d

show perspective sectionat ey of wound fiker modelessate reservoir being
connected to the duct for permeate fluid and to

the permeate outlet openings of the filter

modules, and the concentrate reservolr being

10 connected to the duct for concentrate fluild;
and

- comprises seals, the sgeals referably being

annularly closed.

15 The filter modules are distinguished in particular in
that they
- comprise one or two end walls, with at least
one end wall having permsate ouflet openings;
and preferably
20 - at least one end wall is provided with one or
more ducts for permeate fluid;
- at least one end wall has one or more ducts for
untreated fluid;
- at least one end wall has one or more ducts for
25 concentrate fluid; or
- at least one end wall has in each case one or
more ducts for permeate fluid, untreated fluid

and concentrate fluid.

30 In another development of the invention, the filter
modules comprise a housing which 1s preferably of

tubular configuration.

In a particularly preferred embodiment, the filter
35 modules comprise one or more conduits for permeate
fluid, the conduits running substantially parallel to
the fTiltration surfaces and connecting the two end

sides of the filter modules.



Fig. 1 shows an example of a filtration system 1 25 according to the invention to which an untreated
. fluid 200 to be filtered is supplied via a line 110. The untreated fluid 200 flows through three filter
modules (10', 10, 10), with a permeate fluid 220 being filtered out of the untreated fluid 200 and being

removed via a $fling 18@oledarépls which cannot pass through thegdgtiatien mpmirgses of the filter
modules (10', 10, 10) are concentrated in the untreated fluid 200. After flowing through the filter

modules (10', 10, 10), the untreated fluid 200 is therefore also referred to as a 35 concentrate fluid
210. The concentrate fluid 210 is removed via a line 120. The untreated fluid 200 and the concentrate
fluid 210 are not '$&pafdied oA EAEH bthePherEhOn tHe EaRtFAY duTing B coRfREGUS fitration
operation, a concenttationrgradient-arises betweenithecuntreated fuitks2Q0 and the concentrate fluid
210. The filter modules (10', 10, 10) are configured as flat filter, capillary tube filter or wound filter

modules , _ , , . . ,
The invention 1g explained in more detall below with

reference to figures, in  which, in a schematic
illustraticn:
Fig. 1 shows & filtration system with three filter
mocdules connected by fluid couplings;
10 Figs Z2a-b show fluid couplings. having coupling bodies
which are of single-piece and three-piece
design;

Figs 3a-c show sectiocnal views of filter modules;

Fig. 4 shows a sectional view of two filter modules

15 which are connected by means of a fiuid
coupling;

Fig. 5 shows a cross section of a preferred wound

filter module having spirally wound flat
filter elements with spacers located in-
20 between; and
Figs 6ta-d show perspective sectional views of wound
filter modules.
Fig. 1 shows an example of a filtration system 1
25 accerding to the invention to which an untreated fluid
200 to be filtered is supplied wvia a line 110. The
untreated fluid 200 flows through three filter modules
(1o", 10, 10), with a permeate fluid 220 being filtered
out of the untreated fluid 200 and being removed via a
30 line 130. Materials which cannot pass through the
filtration membranes of the filter modules (107, 10,
10} are concentrated in the untreated fluid 200. After
flowing tThrough the filter modules (10, 10, 10}, the
untreated fluid 200 is therefore alsc referred to as a
35 concentrate fluid 210. The concentrate fluid 210 is
removed via a line 120. The untreated fluid 200 and the
concentrate fluid 210 are not separated from each other

here. Cn the contrary, during the continuous filtration



5 having a single or double permeate drain at the edges and comprise one or more filter elements 60.
The Iter elements 60 are designed as planar or spirally wound fiat filters or cylindrical capillary tube
filters. Multi-layered stacks of filter membranes and 'woven 10 spacer fabrics or filter pockets or

cassettes, as k@wvn ¢ §reorEaart, are suitable as the flat filters. The-gtagks o6 fltepeackets are
sealed in a fluidtight manner at at least two opposite edges. 15The filter modules (10', 10, 10) are

connected to og&gﬁgt@%}%nd Io tge lines.(110,.120, 130).in a@uidtiqht mann rupé/errqe%@ls@of fluid

) CnCentration 'dradient  a e8 D
couplings 70 such that the interior of the filter elements B0 is closéd off - apargf rom trans-membrane

permeation - frofi thE 2b%ihtreated arfd Eoriteftratesfiuidd oot P20% It a'preferred entbsdiment of
the invention, tHe filterrmacdutes. 2@ (optionally asp theofiltemmoduel 0Y) are equipped suitht conduits 30

for permeate fluid 220, The.25 inside diameter of the conduits 30 is, dimensioned jn.stich.a manner

that the permeate fluid 210 collected in the interior of the filter elements 60 can be removed from the

filter modufes (16'718.2105 in"a AerineP birtaN frée REMTYeIstants 238 TRE fitidTofpiGs 70 shown
in Fig. 1 have omecbranorerducts 72doruntreated fluitk200, @heermerecducts 78 fdriperareate fluid

220 and one ordnerge-ducts &4 fog, uptreated Hié}id2195_35p'ii£m§§_ SQQ\NSs_E‘itPEE’l\ﬂ%‘_’V_@B@%OSS se_ction,
a cylindrical quigjcoupIiQ%];Oa accordingcggaltlgdnvent?n,ég%gﬂapacrouplmgbceomgrilsﬂggrasthree-plece
g i fa £ t .

COupHngbody(?lé?fib;7 madeofthree rica y

Multi~layered stacks of filter membranes and woven
10 spacer fabrics or filter pockets or cassettes, as known
in the prior art, are suitable as the flat filters. The
stacks or filter pockets are sealed in a fluidtight

manner at at least twoe copposite edges.

15 The filter modules (107, 10, 10) are connected to one
another and to the lines (110, 120, 130) in a
fluidtight manner by means of fluid couplings 70 such
thaﬁ the interior of the filter elements 60 1s closed
off - apart from trans-membrane permeation - from the

20 untreated and concentrate fluids (200, 210).

In a preferred embodiment of the invention, the filter
modules 10 (optionally also the filter module 10') are
egquipped with conduits 30 for permeate fluid 220. The
25 inside diameter of the conduits 30 is dimensioned in
such a manner that the permeate fluid 21C collected in
the interior of the filter elements 60 can be removed
from the filter modules (107, 10, 10) in a manner

virtually free from resistance.

30
The fluid couplings 70 shown in Fig. 1 have one cr more
ducts 72 for untreated fluid 200, one or more ducts 73
for permeate fluid 220 and one or more ducts 74 for
untreated fluid 210.

35

Fig. 2a shows, in top wview and cross section, a
cylindrical fluid coupling 70a according €o the

inventiocn, the fluid coupling comprising a three-piece



concentrically arranged rings of graduated size. The cylindrical space region enclosed by the inner ring
71a forms a duct 72 for untreated fluid 200. The space 5 region enclosed by the inner ring 71a and
central ring71b forms a duct 73 for permeate fluid 220. A further duct 74 for concentrate fluid 210 is

enclosed by theygentgaldingr Hugnd the outer ring 74c. The ducts ($&m//3 0 #69 §68lpsk0ff from one
another by means of in 10 each case two annular seals (75, 76, 77) arranged on opposite end sides of

the rings (71a, 71b, 71c). In order, to illustrate the function of the fluid coupling 70a, the cross sections
ey o ilusy the flud copp ;

and the openiné:g% 1'El%e end sides of capi gr’y tubefilter eléments 60 afe 15 illustrate Ifr?%ig. 2a. The

capillary tube fikePéI8ReRts 86 aYe arkaiTgetRiil theifliet medulés @it A 0)dh saeh & tanner that
the openings ornthe end sides theteot are:gornecied o theaduct 78 {fer permeaate fluigd 22Q:and form a

line system thraygh which pgrmeate 20fluid. 220 f Afurther fluid coyplingZ0b wgé%hcig preferred
according to the invention is illustrated in Figure 2b. The fluid coupling 70b comprises a coupling body

71d 25 whith iS6£SiRGle PeCed8Sigh ind Ras HUBR 72178, 74) Forutitreafdd-fiiid 260 Fermeate
fluid 220 and congentraterfiuich 21dn ofder fo conouctaway peitmeéatefid 220 ffamtthe filter

modules (10, 18,,40) and in-grder.to,cennedt faur gcts;73fop permeate. 30luid 220, the.coupling
body 71d is equiggﬁ%v\u’th a distrj L%OI‘ ch mber 78 in the form of an annﬁlaﬂy encircling recess. A
re 0

6r chamber 79 fikewide I&d fthe fofm 'f ah BnufaHy ehtirciing recess connects

further distributo
four ducts 74 fof 35 cohtehtrate fhid 240 Ofife ducts: (721573274} hrerséafediett frormpéne another by

means ofiin eaef easedwo-anaular seals (4%, 76=47karranged on, 0ppositene-siges ofthe coupling
body 71d. The flui plings 70a_ and 70b shown in Figs. 2a 2b are_ suitable for filter modules
(10", 10, 10) hav %ag%;%%d%éla crsoécsj%sgcti%%q, ir%%rtiéﬁ%??or%ﬁd filti?elr%nﬁod% e%qanq%r capillary
tube filter modué$ G/ whithithé #i5€ BpeniRrs of the CabilfaryPiibé Hitefarelgiraijed atsit a central
axis in an annuleraggiamwhichr is:pretesably congraent ta the distebutos ehamber %8. Astiidid coupling

of the type shO\é/Q(jg 10 F@E 2c (i:sdﬁliigq_bigf;or. flat filter modules with, plane filter elgg]entg,rggo. A fluid

coupling 70c comprises a single-piece coupling body 71e. The other reference numbers have the

same meaning asiH Fid. 215 M addition fhe cross sectfons Splansfiter eféthénts 156G are illustrated
in the top view ef thecfiuid cupling Z0c: Foandacts 72 antt74 iniéachrcasedeivssto cohduct untreated

fluid 200 and comgentrate fluid 210 further, 20,Ehe eoupling:hodiesZ1a 197 16,are preferably
Composedofaéggggm%ﬁg@é%@NQ%@é%%%ﬁgggggoggogﬂglduct 73 for permeate
fluid 220 and form a line system through which permeate

20 fluid 220 flicws.

A further fliuid coupling 70b which is preferred
according tc the invention is illustrated in Figure 2Zb.
The fluid coupling 70b comprises a coupling body 71d
25 which is of single-piece design and has ducts (72, 73,
74) for untreated fluid 200, permeate fluid 220 and
cencentrate  fluid 210, In order to conduct away
permeate fluid 220 from the filter modules (16, 10,
10) and in order to connect four ducts 73 for permeate
.30 fluid 220, the coupling body 71d is equipped with a
distributor chamber 78 in the form of an annularly
encircling recess. A further distributor chamber 79
likewise embodied in the fcrm of an annularly
encircling recess connects four ducts 74 for
35 concentrate fluid 210. The ducts (72, 73, 74) are
sealed off from one ancother by means of 1n each case
two annular seals (75, 76, 77) arrangsd on opposite end

sides of the coupling body 71d.



added. The basic material is selected from the group comprising polymers, such as polypropylene,
polyvinyl chloride and the like; thermoplastics, glass-fiber- 25 reinforced plastics, resins, rubber of
natural or synthetic origin, and mixtures of the abovementioned materials. Glass or carbon fibers are

preferably usedsas ther agditive 4khe coupling bodies;71a to 71e arepprpgiped dbdifieterniavays, for
example by means of .30 injection molding, optionally followed by mechanical machining, or by

mechanical machining of blanks. As an alternative thereto, the coupling bodies 71ato 71e are
produced by layerwise lamination of suitably shaped or punched flat materials. Fig. 3a shows a filter

module 35 10 witlffiltet elémeiteBbiR TFossEectisis Thediltereldiment 63 afcortyurdtfas planar or
spirally wound fat fitees euas eapilafyctubé filtees: Thediltes elemerits 60Gllustiated: mvEigs 3a is, for

example, a a cylindrical cross section, in particular for wound
5 filter medules and for capillary tube filter modules,
in which the tube openings of the capillary tube filter
are arranged about a central axis in an annular region
wnich 1s preferably congruent to the distributor
chamber 78. A fluid coupling of the type shown in
1¢ Fig. 2Z2c is suitable for flat filter modules with plane
filter elements 6C. A fluid coupling 70c comprises a
single~piece coupling body 7le. The other reference
numbers have the same meaning as in Fig. 2b. In
addition, the cross sections of plane filter elements
15 60 are 1illustrated in the top view of the fluid
coupling 70c. Four ducts 72 and 74 in each case serve
to conduct untreated f£luid 200 and concentrate fluid

210 further.

20  The coupling bodies 7la to 7le are preferably composed
of a basic material ﬁo which additives are opticnally
added. The basic material 1s selected from the group
comprising polymers, such as polypropylene, polyvinyl
chloride and the like; thermoplastics, glass-fiber-

25 reinforced plastics, resins, rubber of natural or
synthetic origin, and mixtures of the abovementiocned
materials. Glass or carbon fibers are preferably used
as the additive. The coupling bodies 7ia to 7le are
produced in different ways, for example by means of

30  injecticn molding, optionally follewed by mechanical
machining, or by mechanical machining of blanks. As an
alternative thereto, the coupling bodies 7la to 7le are
produced by layerwise lamination of. suitably shaped or
punched flat materials. Fig. 3a shows a filter moduls

35 10 with filter elements 60 in cross section. The filter
element 60 are configured as planar or spirally wound
flat filters or as capillary tube filters. The filter

elements 60 illustreted in Fig. 3a i1s, for example, a



flat filter with two filter membranes (61, 63) and drainage element 62 located in-between, or a capillary
tube filter, wherein the reference numbers 61 and 63 refer to opposite sectional surfaces of the
capillary 5 tube wall and the drainage element 62 is entirely omitted. The filter module 10 comprises

two end walls 3@nc g1with pyitsi¢es 31 and 31'. Opep edge regionspiir pRERE8E QLS ¢lement 60
open 10 walls (3, 3') untreated fluid 220 and ducts openings 65 and 67 of the filter at the outsides 31

and 31'. The end prefetably have ducts (7, 7') far.200, ducts (8, 8') for permeate fluid (9, 97 for
concentrate fluriwi(?lgliC , 'V%b%a%éalﬁ thvé%(l:ﬂ:ts go 8')%%é%gﬁne@t%%%ﬁ%ﬁuﬁdti Elfmané%} b_ydarll %)ermeate line
30. The permedtedine®3G 154GHIBR s &rfangechsiitiStantialiy prrstier totke fongitiidinaPads or parallel

to the membrane:surfates of the filtee element$:60, permits peemeaiefiiid 220 todreiconducted away

through a pluralityf intefconnected filtlermadyles 10 inamanner visally, . - o511z ¢y
5 tube wall and the drainage element 62 1s entirely
omitted. The filter module 10 comprises two end walls 3

and 3’ with outsides 31 and 317. OCpen edge regions or
permeate outlet openings €5 and 67 of the filter
element 60 open at the outsides 31 and 31'. The end

10 walls (3, 3"} preferably have ducts (7, 7)) for
untreated fluid 200, ducts (8, 8') for permeate fluid

220 and ducts (9, 9"} for concentrate fluid 218,
wherein the ducts (8, 8') are connected in a fluidtight
manner by & permeate line 30. The permeate line 30,

15 which 1is arranged substantially parallel to the
longitudinal axis or parallel to the membrane surfaces

of the filter elements 60, permits permeate fiuid 220

to be conducted away through a plurality of
interconnected filter modules 10 in a manner virtually

20 free from resistance. The permeate line 30 forms a
passage, which is wvirtually free from resistance, for
permeate fluild 220 which enters the interiocr of the
filter elements 60 thrcough the membranes and the flow

of which 1s obstructed by the drainage element 62

25 arranged in the intericr or by the small internal cross
section of capillary tube £ilters. The ducts (7, 77

are preferably connected by an untreated fluid line 40
which has outlet openings 41 in the wall thereof. The
untreated fluid 200 supplied to the filtration system 1

30 d1s distributed uniformly into the filter modules 10 by

the unitreated fluid line 490.

Fig. 3b illustrates a filter module 107 having single
permeate outlet openings 65 at the edge. In the filter
35 module 10’, edge regicns or permeate outlet openings 67
of the filter elements 60 are enclosed in a fluidtight
manner by an end wall 3'. Permeate fluid 220 is

conducted out of the filter elements 60 only via open



20 free from resistance. The permeate line 30 forms a passage, which is virtually free from resistance,
for permeate fluid 220 which enters the interior of the filter elements 60 through the membranes and
the flow of which is obstructed by the drainage element 62 25 arranged in the interior or by the small

internal cross sgetion obganikaydube filters. The dycts (7, 7') are pigferabbp o@v)anied by an
untreated fluid line 40 which has outlet openings 41 in the wall thereof. The untreated fluid 200

supplied to the filtratio 1 30 is disfri d uniformly into_the filter podules 10 by the untreated
fluid line 40. Fid;!i%illt?sétr%gt?g% fi%egr ?ﬁ%gﬁ%)%&o% hg\rﬁ%%ng%%gr?ngge %ﬁle%%pegr%nggsé%% at the

edge. In the filt&F38 module Tt edje fegions bF pefthgate ottt BpeniitjéSe7 bf-the filtdrelements 60
are enclosed inre #uaidtight=mmaniner by an erd. walh3' sBerimeate fluidi2201s torductedioutof the filter

elements 60 onjy,via popens edge Legions q;wymggtei%utlg%g%?@@s 65 inan.end.wall 3., The other
reference gumbersn%?ve the same meaning as in Fig. 3a. In addition, the fj_Ialer module 10"illustrated in

d
Fig. 3b is equipped With AHBTSING & 4. Fhé RBGSIRG A s Connd&ed s thé end walldFand 3' in a
fluidtight mannemn Thexfiltei rotialel 1O Hllustreted i Fig. 3dhean béiprovided withtaltousiAg 4 in the

same manner as thesfiltes naedule 168 (howeyer 4he housing -4 hrsingti Been:shown:inerder to keep
10Fig. 3a clearknFi% 4e5h§é'¥55é in an eéplo%esd ijjlrllstraj;i%k% EECt%)Cﬁ‘@Th‘éie‘ﬁ’go’f th %%%nection between
two filter modules 1 }by méans of & fluid couplihg%ob, Where the Tefererice numbers havé the same
meaning as in Fig8. 2b°atil 34, Uhtrdatéd flid- flodaSthroggidtie diitts (7 9n the ed@@alls (3, 3') of
the filter modules 40 aw threugh the duct 72 of the coupling body 71d. Permeate fluid filtered out of
the untreated fluid flows out of the 20 interior of the filter elements 60 through permeate outlet

openings (65, 67) in the end walls (3, 3') into the permeate reservoir 78 of the coupling body 71d and
is conducted fuith@r tirodg i perfheate IRER30 E6MmuhicaftihgititiPihe FermBatelred@ivoir 78 via
ducts 25 (8, 8")vThe cofinettionadatike permedtetreservoir78 means thatthie:permédtetine 30 and

the ducts (8, 8')dq ot need to be proughtinto.everiap with the,duct 73. Tihis is.apparept.from Fig. 4 in
which th germeat line 3%(301‘ the figer module, which is only partiall%( 30 illu%gated 8{“ t?e right side of
the figure; is arfanged at the Bottom and tHeSpefimaate fine®30 of thet =95 - and sa.

Untreated fluid flows through the ducts (7, 7'} in the
end walls (3, 3’} of the filter mcdules 10 and through
the duct 72 of the couplihg body 71d. Permeate fluid
filtered out of the untreated fluid flows out of the
20 interior of the filter elements 60 through permeate
outlet openings (&%, ©7) in the end walls (3, 3') into
the permeate resexvoir 78 of the coupling body 71d and
is conducted further through the permeate line 30
communicating with the permeate reservoilr 78 via ducts
25 (8, 8’). The connection via the permeate reservoir 78
means that the permeate line 30 and the ducts (8, 8’)
do not need to be brought into overlap with the duct
73. This is apparent from Fig. 4 in which the permeate
line 30 of the filter module, which is only partially
30  1llustrated on the right side of the figure, is
arranged at the bottom and the permeate line 30 of tfhe
filter module 10, which is fully depicted on the left
side, is arranged at the top. The permeate lines 30 of
the two £filter modules communicate via the permeate
35 regervolr 78 and the duct 73. The same appliegs to the
conducting away of the concentrate fluid, wherein the
passage 9 in the end wall 3 of the filter module 10

depicted on the left in Fig. 4 communicates with the



filter module 10, side, is the two which is fully depicted on the left 35 reservoir 78 and the duct 73.
The same applies to the conducting away of the concentrate fluid, wherein the passage 9 in the end
wall 3 of the filter module 10 depicted on the left in Fig. 4 communicates with the passage 9'in the

end wall 3' of thefiltayrogduls siepicted on the right, via the concentgzie rpsenvel /Soaacithe duct 74. 5
A particularly preferred embodiment of the filtration system 1 according to the invention, the

embodiment cog&%rgs;%%a ovel wound filter. modyle notfitherto kpown ip.the prior : %@fﬁ Jescribed

below. Reference is nmade here'in particular to Fig. 5 and Fig. 6a to 6d. 10 In the novel wound filter
module, the filt&FRemMTan&S (612 63F ard preferaBly-éschianitated 3¢ Bné of tHe fvd sidés of the
drainage layer 62dntperticular, thé filter elements 60 are manufactured from a ribbon-shaped,
preferably flexible filter composite material 15 which is laminated in a virtually continuously operated
laminator fgom wo ribbon-shaped filter membranes and(%ribbon-shaped drainage layer by means of

liquid adhesive’or 58T fifbdrtshEped daheshve mEAHE SURR a5 abfesietnefstoradtesive films. In

order to producgystem 1 according to the invention, the embodiment
comprising a novel wound filter module not hitherto
-known in the prior art, 1s described below. Reference

is made here in particular to Fig. 5 and Fig. 6a to 6d.

10 In the novel wound filter module, the filter membranes
(6l, 63) are preferably each laminated to one of the

two sides of the drainage layer 62. In particular, the
filter elements 60 are manufactured from a ribbon-
shaped, preferably flexible filter composite material

15 which is laminated in a virtually continuously operated
laminator from two ribbon-shaped filter membranes and a
ribbon-shaped drainage layer by means of liguid
adhesive‘or solid ribbon-shaped adhesive mesans, such as
adhesive nets or adhesive films. In order to produce

20 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 o¢f thermoplastic polymer and a second

25 ribbon-shaped filtration membrane are each supplied
from a separate stock reserveir reel and combined in a
pressure roll couple to form a ribbon-shaped stack, the
ribbon-shaped stack 1s heated at its top and bottom
sides in a heated roll couple and subsequently cooled

30  such that the first and second adhesive nets melt and
subseguently cool, causing the drainage layer to become

durably adhesion bonded to the filter membranes.

The drainage layer 1s composed of a polymer, inorganic
35 or metallic ribbon material which has an open structure
to conduct fluids through. The material of the drainage
layer is preferably a lattice or spacer net made of

plastic. Spacer nets known in the prior art consist of



20 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 25 ribbon-shaped filtration

membrane are gach suppiatag a separate stockjreservoir reel apgEpatIRSEG jma piggsure roll
couple to form a ribbon-shaped stack, the ribbon-shaped stack is heated at its top and bottom sides in

a heated roll co n bseguently led 30 such that the first and second adhesive nets melt and
subsequently cgg%eﬁgugﬁﬁg t?lsgqgj?a[?r%aggeglga?/g% é%%ec%gc?ﬁg dﬁhrﬁajf)lllf Ié&ﬁeesslor? %%dnae(f Yos\é*n%mﬁlter
membranes. THE diainsge 18y6ri8 Sompbasd o a poRRErT indfdahic 35 oF nigtdllic ABBE material

which has an openrstructurectouconeuct fluids throagh: fheariateral of thexdraihage tayet is preferably
a lattice or spacernet made pf,plastic, Spagernets known in the prior arf consist.of first and second

sheetlike I%cr)p structures and a system of rE‘II%e threads arranged between said first and second loop

structures. The pieThireds afd’spddsd ordey refative 16 oneSnothéF andSir e warp of Weft 5
direction of the feodtrgctures seahtpifesthreatpassiny akltermatinghy thidugh faopstof theffirst and

second loop stryetures suehthat the,pilethreadshas a sawtooth or spiral coyrse, 101 filter
membrane is constguct%%of one or mare I%)éers, preferably two layers. Customary two-layer filter
SawLO o lra C rse . .
membranes consist of a suppor?%onwoven and of a porous membrane layer. During the production of
filter composite material, the support nonwoven is bonded or 15 laminated to the drainage layer such

that the porousThembrane dayerrisapanged onshecouiside  of the; filterrcompesite :matesial The porous
membrane layer is, bonded %pr[) t nanwove tco tio amijnation, In wet
coagulation, the p%?ougs’me%%a%e 20 gye%epgs#gﬁwcgﬁthéﬁ%ﬁ%ﬁa%%on@; gt ?‘\flise, itis
laminated onto the SGPpdIERBARDTEN. CERE pSTous mémBHIRIA e HrRt&tEBly comsistd ofpolyether

sulfone, polysuffome, polya:ctylonitsile] pelyvinylidene-fiuoride, polyamide; polyethefitmide;eellulose
acetate, 25 regeeﬁ%&%q cellulpses, polyolefin or fluoropalymer, The-parous membrang layer is for

example $odUéqd a nonwoven or woven fabric being coated with pply*“me?[ solution and the polymer
being precipita ‘d“bﬁt?rif%dsuﬁgeqﬁ@ﬁt phage ii&Tsiorr ¢h. AltErrativer therefo, 86 5Polymer sheet
is suitably strettk&th 162 prodies poressinthe polyrmercshest <Theisteetdhed polyrer Sheetis then

laminated onto a-sypport aomueven: for mechanical-stabilization. iltermembranesproduced by these
methods are cqcrgmergljaély available, for example as 35 NADIR%)TImembranej[s (@/IICRODYN-NADIR

GmbH, Wiesbaden) or elgasfaag‘?a tshee?%ler%g?a%es 1féfelga‘"“f nc.,ﬁ?aqr}lo e,i\ﬁf US%S

lamination. In wet coagulation, the porous membrane
20  layer is deposited on the support nonwoven; otherwise,
it is laminated onto the support nonwoven. The porous
membrane layer preferably consists of polyether
sulfone, polysulfone, polyvacrylonitrile, polyvinylidene
fluoride, polyamide, polyetherimide, celiulose acetate,
25 regenerated cellulose, polyclefin or flucropolymer. 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 in a
subsequent phase inversion step. Alternatively thereto,
30  a polymer sheet is sultably stretched to produce pores
in the polymer sheet. The stretched polymer sheet is
then laminated onto a support nonwoven f£for mechanical
stabilization. Filter membranes produced by these
methods are commercially available, for example as
35 NADIR® membranes (MICRODYN~NADIR GmbH, Wiesbaden} or
Celgard® flat sheet membranes (Celgard Inc., Charlotte,
NC, USA).



In order to produce the filter elements 60, filter 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
5 obtained are sealed in a fluidtight manner at the edges by means of known methods, such as, for

example bondingsthegdrainpossager to the filtration membranes by thespabanylaserig yeelding;
adhering, wherein, in an edge region of the filter 10 blank, a liquid adhesive is introduced between the
drainage layer and the filier membranes and cured/ctosslinked; dip cementing, wherein an edge
region of the fil'?feqrj blgsn %s r;%légdﬁer&\c% %%g)l}ié? o it%?t 6 10 @%an Q?L]Er;%(sittor@éidepfsr“‘he%r?adE also on the
cut face/abutting €dges mxhidestitciiing With € thred6: i hieaks of aaedrienicdl @Rimping device.
20 In this case,at deastitwo mutu,alnymoséteaa@gber,egidn:s;mrefgrabt}zﬂh@ee ot:fots edgeaegions of
the filter blanks,gre.sealed in-a liquid ight manner pyg their, entire fength: 25 The preferably

rectangular filter elements 60 thus obtained have a first and Second edge region (64, 66) sealed in a

fluidtight mannétart-a tird afid FStiEtper (i2. GhEedlbdyorsE4ed sigé redion (65.%67. 30 One or
more filter elements6@stackedorrene anothed are wotindae foriwa eykindpdal spiral body and are

- bonding the rainage layer to the filtration
membranes by thermal or ultrasonic welding;

- achering, wherein, in an edge region of the filter

fed
(]

blank, a liguid adhesive is introduced between the
drainage laver —-and the filter membranes and
cured/crosslinked; '

- dip cementing, wherein an edge region of the filter
blank has an adhesive applied to 1t on the top and

15 bottom sides and alsec on the cut face/abutting
adge;

- machine stitching with a thread; or

- by means of a mechanical clamping device.

20 In this case, at least two mutually opposite edge
regions, preferably three or four edge regions of the
filter blanks, are sealed in a2 liguid tight manner over

their entire length.

25 The preferably rectangular filter elements 60 thus
obtained have a first and second edge region (64, 66}
sealed in a fluidtight manner and & third and fourth

open (i.e. unsealed) or sealed edge region (65, 67).

30 One or more filter elements 60 stacked on one another
are wound to form a cylindrical spiral body and are
fizxed 1in said shape by suitable mechanical holding
devices, such asg, for example, bands or rings. An
exemplary wound arrangement is illustrated in Fig. 5.

35 The flat filter elements 60 are preferably wound around
a distributor pipe 40 for untreated fluid. In a
development of the invention, one or more spacer

elements 80 which are of sheetlike design and through



fixed in said shape by suitable mechanical holding devices, such as, for example, bands or rings. An
exemplary wound arrangement is illustrated in Fig. 5. 35 The flat filter elements 60 are preferably
wound around a distributor pipe 40 for untreated fluid. In a development of the invention, one or more

spacer elementgBRwihiehcarefsheetlike design and through whigh-thesfton 6ary pass ape added to
the single-layer or multi-layer stack of flat filter elements 60 prior to the spiral body being wound (see

Fig. o). Said spacarglerments AQ.e. [ar example, widemashed:3 lalfices ot ngisimade of plastic. One

spacer element 80 is preferably inserted in each case between two flat elements 60. In a

particularly prefefredentiodimeRt ofthe 4o imfentid,onelor iidre Spidtérably thbuldipeteate lines
30 are added td:the wirsing arramyententsor the spiral ody.cThel permeatedine$s)30 afaarfanged

between two adiacent flat filter.elementsg60 or-hetween:g.flat filterglement 60; and a.spacer element
80 in sucha 15 r%?nner that the Iongitudi al axjs thereof is oriegnte substantiaLly%]%arallel to the

longitudinal axig 3F the"Findig Afang8iReht. Theleddth of thé’ BerniEasTines 38 ¢dHresponds here to
the length of thé svoirié aeramgerment; $.ertocthe widtieofthe flatfitep20'efement 80. Thespiral body
which is fixed by means af hglding=devices and with the optional distributor pipe 40 and the optional
permeate lines 30 is provided with a first

In a particularly preferred embodiment cf the
16  invention, one or more, preferably tubular permeate
lines 30 are added to the winding arrangement or the
spiral body. The permeate lines 30 are arranged between
two adjacent flat filter elements 60 or between a flat
filter element 60 and a spacer element 80 in such a
15 manner that the longitudinal axis therecf is criented
substantially parallel to the longitudinal axis of the
winding arrangement. The length of the permeate lines
30 corresponds here to - the length of the ‘wound
arrangement, 1.e. To the width of the flat filter
20  element 60. '

The spiral body which is fixed by means of holding
devices and with the optional distributer pipe 40 and
the optional permeate lines 30 is provided with a first
25 end wall 3 by being cast on the end side with a
iigquefied, curable material and the material
subseguently being cured, with the first end wall 3
enclosing the third edges 65 in a fluidtight manner. In
order to preoduce the first end wall 3, for example, &
30  casting moid having a rectangular or circular inner
cross section and a piane base is filled to a
predetermined height with epoxy resin. In order to
reinforce the end wall 3, it 1s expedient to add glass
or carbon fibers to the epoxy resin. Subseguently
35 thereto, the spiral body is oriented relative to the
casting mold in sguch a 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 UV



25 end wall 3 by being cast on the end side with a predetermined height with reinforce the end wall
3, or carbon fibers to the 35 thereto, the spiral body casting mold in such a light to form a preform
which encloses the first edge region 65 in a fluidtight manner. The preform is removed from the casting

mold and is meghanigakly/meshingd by means of saying, milling, tug@g_g@g@@&g;ﬂﬁ@ﬂa}ghines in
order to provide the first end wall 3 with a precisely defined final shape and in order to expose and to

open the edge regiQ! 63 n§1e utside 31 of the end wall 3, thus producing access thrqugh which a
flow can pass to ]t%&e%nter%r oP t % 10 ffat fi tgrrg]ervﬁ%ﬁf: O,?.%f: ot %Sdréiﬁﬁggg f%ﬁ/%F&g.aﬁ%he same

manner, the opfi6Aaiistributor Pipe 20 ahtrthétoptivhal permicate liNB530 arepenad byemechanical
machining. In addition<therefecitrequired, dsillingray mitlingds canded eyt inerdggtoiremave 15 resin

from the interio&g&@g@atribggpr Q‘r%eafli@ ang%he nggate Iinﬁ§ ﬁﬁt’ae f;%’ﬁlogﬁnnem of the invention,

a duct 9 for concentrate fluid is drilled into the end wall§. The woun odrule |sgpre?el?ably
provided with aZedond shd WS - Niflereift 26 fiisSechAd enPWalt s is Rfanitadtiifed #ithe same
manner as the fiest énd3wall13; or exampie by=Castindawith adiquefied) curable snaterial and

subsequent me&h@@ggaltrgaqg@iggéggg_)aviQg)toc;}ggghr@géayﬁgg%g cg%%%:glio% thereof copsisting of
two filter membranes (61, %%) én(% th% drainage Iaé?ir 62 located in-between, the flat filter elements 60
0 § ifantial pressure Betieer the dtitsitfe St ife filter 30

are robust and %t%%tlan_d a r‘ans-memfberaneen iffer
membranes (61,163) e thé dfdinaye fayier 62t gieater than X bar, preferablyrgredtercthan 10 bar,

and particularlyrpreterably-greaten ham20 bar, withaut mechanical damage or leaks forging. According

to the inventionIltlherH:lé filtse n%e erg§16 ha ea length of 350.1t06,0 m,preferably, 0f0.4104.0 m,and
particularly preferably of O.é to 2. arln,‘lnet e d\‘lc/re%tioonl%tfjtﬁél %?(is :.LSI“Eélsplétég Tedior? \thié is
and “the optional permeate lines 30 are opened by

mechanical machining. In addition thereto, if required,
drilling or milling is carried out in order to remove
15 resin from the interior of the distributor pipe 40 and
the permeate lines 30. In a development of the
invention, a duct ¢ for concentrate fluid is drilled
into the end wall 3. The Wound filter module 1is
preferably provided with a second end wall 3’, wherein
20  the second end wall 3’ is manufactured in the same
manner as the first end wall 3, for example by casting
with a liquefied, curable material and subsequent

mechanical machining.

25  Owing tOo the three-layered construction thereof
consisting of two filter membranes (61, 63} and the
drainage layer 62 located in-between, the flat filter
elements 60 are robust and withstand a trans-membrane
differential pressure between the outside of the filter

30 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 or leaks forming. According to the
invention, the flat filter elements 60 have a length of

35 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 2. The space region which is

filled with the spirally wound flat filter elements 60



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, and particularly preferably of 0.2 to 0.8 m, with respect to the axis 2 as the central
axis of the spiral winding. In this case, the radial 5 distance (referred to in Fig. 5 by the reference

number 160) befeenitbe @L3ide of the spirally woynd flat filter elemenis:2 gpd fae Kiside, which is
adjacent to the outside, of the same or further flat filter elements 60 is 0.1 to 20 mm, preferably 0.3 to 8

mm, 10 and paic Ia‘.:rlly Pégff@bl}ﬁ%%&gﬁ r@lm.og,heosmgall¥ (\gvo&mg firger mgdggarl gavin% the
abovementioned dimensions has an actlvecflltratlon surface of gréater’thﬁ)n 50'm ) p"‘fc\e/feralbly greater

than 250 m2 antt parfiilatly preferatiy'f grédter BrarF 1000 k2 per 155iter médufe. Figt S shows
schematically the éross section af-apreferred filteravinding with the distsibater pipei40-andtwo spirally

wound flat filterglements 6Q,3nd 2,20 gpager.element 80 aganged-hetweendhe flat filter elements 60.

The spacer element 80 is preferably configured as a wide-meshed lattice or net of plastic. The radial

distance batwesh & diifside” SFReSpiraly wount ffat fiter emBhts'60 &AG M ingide Gich is 25
adlacent to the bulsideyef thecsamieer furthies flat filtef eléients 60 1s: tefgrredstorty afdauble arrow

160. The radialﬂ&L@@@e 46@ig 9elsto20 m,I|MEt£r@bJ¥§d%§0 %%@l@ha@% p@%‘f&@éb{ﬁrﬁf&mb'g ?-5 to
3 mm. 30 Fig. 6¢ shows a perspective, partially sectioned view_of the preferred wound filter module
with two end w%%’se(3, 3 %a%ﬁdgo hpuéﬁ%g A?C It\}v%erésiﬁntlﬁe edges 6%5@%62% wall (3, 3 ar& thnnected to
the housing 4 i 8585 fiidtight mafnét: Thé end?Walls(3, By afe expedierily provided with centrally

arrangediductsaid< 7} derthecondugtionrthreugivofanurireated fluighto berfilterge: The hpusing 4 is
preferably of tuhular .configuration. In an expedient velopment, the hausing 4 is provided on the end
sides with flanges (11, 13) which ma e‘?tupos‘sib e to,drc%eonrl‘}él?cgq theLv?/%unda?‘lﬁtgcl\a‘f%nr{1(§3dplu$el ?négccgimple
manner to furthetfRBProutIed s 16 6theF Eomponants of Biftatibhisyatem Sfhedw6@icE ilter module
withstands an internal pressure of greatée tharl 2 bargpreferably greater thansi0 bar, amd particularly

preferably greaterthap 20.barw it@%f@%%@@(zalcgiamagg ot leaksforming; 49, 2 per

15 filter module.

Fig. 5 shows schematically the cross section of a
preferred fiiter winding with the distributor pipe 40
and two spirally wound flat filter elements 60 and a
20  spacer element 80 arranged between the flat filter
elements ©60. The spacer element 80 1s preferably
configured as a wide-meshed lattice or net of plastic.
The radial distance between the outside of the spirally
wound flat fillter elements 60 and the inside, which is
25 adiacent to the outside, of the same o¢r further flat
filter elements 60 is referred to by a double arrow
160. The radial distance 160 dis 0.1 to 20 mm,
preferably 0.3 to 8 mm, and particularly preferably 0.5
te 3 mm.
36
Fig. 6c shows a perspective, partially sectioned view
of the preferred wound filter module with twoe end walls
(3, 3') and a housing 4, wherein the edges of the end
walls (3, 3') are connected to the housing 4 in a
35 fluidtight manner. The end walls {3, 37 are
expediently provicded with centrally arranged ducts (7,
77) for the conducticn through of an untreated fluid to

be filtered. The housing 4 i1is preferably of tubular



Fig. 6d shows the preferred wound filter module with two end walls (3, 3') and a centrally arranged
distributor pipe 40 which connects the ducts (7, 7') in the end walls (3, 3'). The wall of the distributor-
pipe 15 40 has one or more openings 41 through which the untreated fluid flows outward in the radial

direction into thgsspagediaiween ghe spirally wound flat filter elemenig80rEdEBe @ frig. 6d shows
a permeate line 30 with ducts (8, 8") and ducts (9, 9" for concentrate 20fluid. wo

2010/01534619PCT/EP 5472 List of reference numbers. LFiltration system 10, 10'Filter module
53, 3'End walll o(%t%-gﬁ e%oﬁnoig%%e“s 4%0%%@1%?%%@?&%? rr%%% ,elﬁ,l%fﬁgéus%{fﬁlge flgr?é’"essl?f;?'Duct in the
end wall for untfeatéd fifid 8> 8Huctm thé'8ndRAll for FePmesite Huit F9'928'Ductlin theend wall for

concentrate fluigd-30Permeate line-40bntreated:fluiddine;«distehbtitoripipe wound filter
module in a simple manner to further filter modules or
5 to other components of a filtration system. The wound
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.
10
Fig. 6d shows the preferred wound filter module with
two end walls (3, 3"y and a <centrally arranged
distributor pipe 40 which connects the ducts (7, 77} in
the end walls (3, 37). The wall of the distributor pipe
15 40 has one or mere openings 41 through which the
untreated fluid flows outward in the radial direction
into the space between the spirally wound flat filter
elements 60. Furthermore, Fig. 6d shows a permeate line
30 with ducts (8, 8’} and ducts (%, 9') for concentrate
20 fluid.



410utlet openings in the untreated fluid. 15line 60Filter element 65,66,67,68Edge regions of the filter
elements 70,70a,70b,70cFluid coupling 71a,71b,71c,71d,71e Coupling bodies 20 72Duct in the fluid
coupling for untreated fluid 73Duct in the fluid coupling for permeate fluid 74Duct in the fluid coupling

for 25 concentraks fidd @ p&eablps untreated fluid 76Seal for permeaig-fluich £ §562kiE ggacentrate
fluid 78Permeate reservoir 30 79Concentrate reservoir

List of reference numbers

1 Filtration system

10, 107 Filter module
H 3, 37 End wall of the filter modules

4 Housing of the filter module

i1, 13 Housing flanges

7,07 Duct in the end wall for untreated fluid

8, 87 Duct in the end wall for permeate fluid
10 9, 9 Duct in the end wall for concentrate

fiuid

30 - Permeate line

49 Untreated fluid line, distributcr pipe

41 Cutlet openings in the untreated fluid
15 line

&0 Filter element

65,66,67, 68 Edge regicns of the filter elements

70,70a,70b,70c Fluid coupling
7la,71lb,71lc,71d,71le Coupling bodies

20 72 Duct in the fluid coupling for untreated
fluid
73 Duct in the fluid coupling for permeate
fluid
74 Duct in the fluid coupling for
25 concentrate fluid
75 Seal for untreated fluid
76 Seal for permeate fiuid
77 Seal for concentrate fluid
78 Permeate reservoir
3G 79 Concentrate reservoir
200 Untreated fluid
210 Concentrate fluid

220 Permeate fluid



200Untreated fluid 210Concentrate fluid 220Permeate fluid WO 2010/01534620PCT/EP2009/005472
Patent claims 1.A filtration system 1, comprising one or more filter modules (10, 10') and 5 - one or
more fluid couplings (70, 70a, 70b, 70c, 70c) for coupling the filter modules (10, 10') to a fluid

distributor and ggjiongdly ferresiding said filter modyles to further filkeippdylesd 18oEQ »vherein 10-

the filter modules (10, 10') are configured as flat filter, capillary tube filter or wound filter modules with
single or doubl permeate %uj'gl éopenings (65, 67) at the edges; the fluid couplings (70_, 7_0a, 70D,
70c) have at 15least one dluctrf(?73) for permeate fluid, and the duct (73) for permeate fluid is connected
to the permeate outlet openings (65, 67). 2.The filtration system (1) as claimed in claim 1,

1. A filtration system 1, comprising

- one or more filter modules (10, 107) and
5 - one or more fluid couplings (70, 70a, 70b, 70c¢,
70c) for coupling the filter modules (10, 107)
to a fluid distributor and opticnally for
coupling said filter modules to further filter
modules (10, 10’), wherein
10 - the filter modules (10, 10’} are configured as
flat filter, capillary tube filter or wound
filter modules with single or double permeate
cutlet openings (65, €7) at the edges;
- the fluid couplings (70, 70z, 70k, 70¢) have at
15 least cne duct (73) for permeate fluid, and
- the duct (73) for permsate fluid is connected

to the permeate cutlet openings (65, 67).

2. The filtration system (1) as claimed in claim 1,

20 characterized in that the fluid coupling (70, 70a,
70b, 70c).has at least one duct (72) for untreated

fluid, which 1s disolated in a fluidtight manner

from the duct (73) for permeate fluild.

25 3. The filtration system (1) as claimed in one or
more of claims 1 and 2, characterized in that the
fluid coupling (70, 70a, 70b, 70c) has at least
one duct (74) for concentrate fluid, which is
isclated in a fluidtight manner from the duct (73)

30 for permeate fluid.

4. The filtration system (1) as claimed in claim 1,
characterized in that the fluid coupling (7C¢, 70a,
70b, 70c¢) comprises a coupling body (7la, 71b,

35 7ic, 71d, 71e} which i1s of single-piece, two-pilece

or three-piece design.



20characterized in that the fluid coupling (70, 70a, 70b, 70c) has at least one duct (72) for untreated
fluid, which is isolated in a fluidtight manner from the duct (73) for permeate fluid. 25 3.The filtration
system (1) as claimed in one or more of claims 1 and 2, characterized in that the fluid coupling (70,

70a, 70b, 70c) tas ableapbeng gyct (74) for concentrate fluid, which ispigehaied; 51/ figigtight manner
from the duct (73) 30for permeate fluid. 4.The filtration system (1) as claimed in claim 1, characterized

in that the fluid gquplin%gofzg%,ré%}ggc)s ﬂ%rise%lq cogglin@g gggryeglghnc SlSIgl , 71b, 71e)
which is of single-piece, two-piece or three-piece design. 5.The Tiltration system f) as cldimed in

claim 1, characterizedqh"i‘ﬁét%@lﬂh?daéoﬁﬁﬁnﬁ3%‘7@, 70 70bY 76c)ComRdrides al dbuplihgdbody (71d,
71e) which is of single?piece degsign andhasiatdeast 5 onegetmeate seservoiri(dg), thespermeate
reservoir (78) being cqmnectedito the-duct (73)for, permeaje fluid,and o the, permeaig gutlet openings
(65, 67) of%he filter modules (10, 10"). 106.The filtration system gl) as claimed in claims 3

one permeate reservoir {78y, The permeate

reservolr (78) being connected to the duct (73}

for permeate fluid and to the permeate outlet

cpenings (65, €7) of the filter modules (10, 107).

10 G. The filltration system (1) as claimed in claims 3
and 5, characterized in that the coupling body
(71d, Tle) which is of single-piece design
comprises at least cone concentrate reservoir (79),
the concentrate reservoir (79) being connected to

15 the duct for concentrate fluid (74).

7. The filtraticn system {1) as claimed in claim 1,
characterized in that the £f£luid couplings (70,
70a, 70b, 70c) comprise seals (7%, 76, 77), the

20 seals (75, 76, 77) preferably being annularly
closed.,
8. The filtration system (1) as claimed in claim 1,

characterized in that the filter modules (10, 107}
25 comprise one or two end walls (3, 37), with at
least one end wall (3, 37) having permeate outlet

openings (65, 67).
9. The filtration system (1) as claimed in claim &,
30 characterized in that at least one end wall (3,
3'") of the filter module {10, 10’} has one or more

ducts (8, 87) for permeate fluid.

10. The filtration system (1) as claimed in claim 8,
35 characterized in that at least one end wall (3,
37} of the filter module (10, 10') has one or more

ducts (7, 77) for untreated fluid.



and 5, characterized in that the coupling body (71d, 71e) which is of single-piece design comprises at
least one concentrate reservoir (79), the concentrate reservoir (79) being connected to 15the duct for
concentrate fluid (74). 7The filtration system (1) as claimed in claim 1, characterized in that the fluid

couplings (70, #®, 7600 /06keapprise seals (75, 76,77), the 20sealg /8o, dd ) pERfgrably being

annularly closed. 8The filtration system (1) as claimed in claim 1, characterized in that the filter _
modules (10, 1Q") 25 compri ar.two end walls (3,,3), with at Jeast one end wall (3, 3) having
permeate outle?opieningrsg(Ggf é%p% :‘Lr % filtration syst(eli (1?5315 &%ﬁﬁ"gf % claim ém 30 Sharacterized

in that at least one end'Wah (353" 0fth&Filtér nictuld (10C16'Y has DheBrinore daERY8 ) for
permeate fluid. 10. Théditeationrsystemi(1)vad tlainted it tlaim 8, 8heharactesizedrinthatat least one

end wall (3, 3) of the filtes module (10,10 hasone.or mpre ducts (7. 7) fopunirgated fluig. 11. The

filtration sygtem (1) as claimed in one qr more of claims 8 to 10, characterized in that at least one end
wall (3, 3') 0f the filter FEHtTE (10" 10) a5 Grie or more ducts (9, 9') for Sconcentrate fluid. 12. The
filtration system (1) as claimed in claim 1, characterized in that the filter modules (10, 10") comprise a

housing (4). 12. The filtration system (1) as claimed in claim 1,
characterized in that the filter modules (10, 107)

comprise a housing (4).

13. The filtration system (1} as claimed in claim 12,
characterized in that the housing (4) of the

filter modules is of tubular configuraticn.

15 14. The filtration system (1) as claimed in claim 1,
characterized in that the filter modules (10, 10')

comprise one or more permeate lines (30).

15. The filtration system (1) as claimed in claim 1,

20 characterized in that the filter modules (10, 107)
comprise one or more untreated fluid lines (40},

the wall of the untreated fluid lines (40) having

outlet openings (41).

25 l6. The filtration system (1) as claimed in claim 1,
characterized in that the filter modules (10, 107)
are configured as spiral wound filter modules and
comprise one or more flat filter elements (60)
having in each case two or three edge regions (66,

30 67, 68) sealed in a fluidtight manner, with two of
the edge regions (66, 68) sealed in a fluidtight
manner running substantially in the axial
direction between the two end sides of the filter
module (10, 107).

35 '

17. The filtration system (1) as claimed in claim 16,
characterized in that the filter modules (10, 107}

have an active filtration surface of greater than



10 13. The filtration system (1) as claimed in claim 12, characterized in that the housing (4) of the filter
modules is of tubular configuration. 1514. The filtration system (1) as claimedin claim 1, characterized
in that the filter modules (10, 10") comprise one or more permeate lines (30). 15. The filtration system

(1) as claimed melaionb, 20 shagcterized in that thesfilter modulesgde,/ &) 60®pH58 £fe or more
untreated fluid lines (40), the wall of the untreated fluid lines (40) having outlet openings (41). 25 16.

The filtration system (%)Ga%elaimegggﬁ@%gl'%aractggégg in that gtgg filter @g@lurlnas (10, 15% are

configured as spiral wound fifter modules and comptise one or more ﬂat filter elem'ents? having in

each case two or thre®8dge r&dibhs (66750 672 68Y sedled i AltRidtight PnarfHet, With two of the
edge regions (66, 68) sealed in a fluidtight manner running substantially in the axial direction between
the two end sides of the filter module (10, 10'). 35 17. The filtration system (1) as claimed in claim 16,
characterized in that the filter modules (10, 10) have an active filtration, surface of greater than WO
2010/01534623PCT/EP2009/005472 50 m2,preferablygreaterthan250 m2,and particularly preferably
of greater than 1000 m2.



