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MO

(57) Abstract: The invention relates to a filtration module for purifying waste water. Said module comprises a plurality of filter
membrane pockets having at least one opening (21) for draining the inner region of the same. Said pockets are vertically arranged
in a rigid supporting clement (11, 12) in a parallel manner, preferably at the same distance from cach other, in such a way that the
gaps between adjacent filter membrane pockets can be intensively crossed by a liquid. According to the invention, the filtration
module is characterised in that the filter membrane pockets are essentially plane and flexible and are fixed to the supporting element
on opposite sides, said sapporting element comprising at least one evacuation line (20) for evacunating the liquid which is sucked out
via the filter membrane pocket openings. Furthermore, the filter membrane pockets have a flexible, liquid-permeable core (16) and
a plurality of flexible, liquid-permeable core elements.

(57) Zusammenfassung: Die Erfindung betrifft ein Filtrationsmodul zur Reinigung von Abwasser mit mehreren, mindestens eine
Offnung (21) zur Entwisserung ihres Innenraumes aufweisende Filtermembrantaschen, die vertikal, parallel und vorzugsweise in
gleichem Abstand zueinander in einem starren Halter

[Fortsetzung auf der ndchsten Seite]
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(11, 12) so angeordnet sind, dass die zwischen benachbarten Filtermembrantaschen liegenden Zwischenrdume intensiv von einer
Fliissigkeit durchstrombar sind. ErfindungsgemaB ist das Filtrationsmodul dadurch gekennzeichnet, dass die Filtermembrantaschen
im wesentlichen flach und flexibel ausgebildet sind und an gegeniiberliegenden Seiten fest mit dem Halter verbunden sind, der min-
destens eine Absaugleitung (20) zur Abfithrung der tiber die Filtermembrantaschendffnungen abgesaugten Fliissigkeit aufweist, und
dass die Filtermembrantaschen einen flexiblen, fliissigkeitsdurchldssigen Kern (16) und/oder mehrere flexible fliissigkeitsdurchlis-
sige Kernelemente aufweisen.
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TRANSLATION
DESCRIPTION

PLATE FILTRATION MODULE

The invention relates to a filtration module for the
cleaning of waste water with a multiplicity of filter membrane
pockets each having at least one opening for the dewatering of its
internal space and which are so arranged that the filter membrane
pockets are vertical, mutually parallel ahd.spaced arart with

preferably a given distance from one anothsr In & ri

)

-d holder and

t

Q)

iy

so arranged that the intervening spaces betwzen ne:znboring filter

membrane pockets can be intensively flushed with a liguid.

Presently available filter systems for waste water
cleaning are comprised of a filter unit with a box-shaped housing
which is open upwardly and downwardly and in which the multiplicity
of membrane cassettes are arranged which vertically and parallel to
one another are spaced from neighboring membrane cassettes. The
intervening spaces between the individual membrane cassettes form

passages which are traversable by a fluid. The individual membrane
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cassettes have a flat filter plate whose surface is covered with a
filtration membrane. Below this box with the membrane cassettes a
housing is arranged which includes a device prdviding air feed
through which an upward flow is produced by means of which the
liquid flows along the membrane cassettes. Each of the membrane
cassettes has withdrawal ducts which open into a liquid gathering
type in which a suction pump is disposed by means of filtefed
liquid can be drawn off. In EP 0 662 341 Bl a drawback of this
filter system is noted whereby the filter plate which is used and
is composed of solid material has the consequence that only a thin
layer is formed during passage of the traversing liquid between the
filtration membrane and the filter plate surface so that higher

throughflow resistance is achieved. Since the transmembrane

pressure is not uniform over the entire surface cf ths filtration
membrane of the membrane cassette, there is z pressurs
concentration in the vicinity of the tray with which che liquid

gathering duct is connected so that the filtration in .pockets of
the box‘gives rise to an increase in fouling. To alleviate this
problem, a module with filtration membranes is proposed in which
the membrane support plate of each membrane cassette is configured
to be hollow whereby the support plate is assembled from a rigid
frame structure which carries the solid core pieces and has

intervening recesses. In this membrane support plate an outlet
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opening is arranged through which the filtered liquid can be

withdrawn.

"Following a further proposal according to EP 0 662 341
B1l, the membrane cassette encompasses a pocket-shaped filtration
membrane which covers the outer surface of a membrane support plate
which is hollow and comprised of a number of bar-shaped stiff
membrane support elements arranged parallel to one another. To one
end of this membrane support elément, a coupling frame element is
associated so that basically in this filter membrane pocket a rigid
frame-shaped body is also arranged. Similar solutions with rigid |
frame-like filtration cassettes are also described in EP 0 602 560

Bl or EP 0 510 328 Bl. Whether a solid body plate or a frame

e

mn

M

profile is used, there remains, however, in both case

"disadvantage that locally different flow resiszance:s will arise
which limits uniform flow distribution and tnus can blocr the
cleaning effect. This disadvantageous effect is further amplified

with increasing periods of use of the filter system since particles

can deposit in the edge regions of the cassettes.

Another undesirable feature is the poor spatial
utilization because of the requisite plate or frame thicknesses and
thus the poor ratio between filtration area and the space required.

Especially in cases in which the filter system can oOccupy only a
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limited amount of space, is there a problem since the relatively
large-volume filtration systems can no longer be used or may be

necessary but cannot effectively be applied.

In the solution described for example in EP 0 662 341 B1,
in addition each individual membrane plate must be provided with a
liguid evacuating device which is connected to a central liguid
bollector. This has a number of connection locations between the
membrane plates and the filtraté collector so that the danger that
leakage can arise is greatly increased. should leakage occur, itb

can lead to undesired contamination of the filtrate.

a filtration module that can optimize the Zlow cf liguid onto the
filtration module and can ensure an improvez tiguii cleaning with a

fiitration module

b

uniform pressure differential distribution. Tn
should form a structural unit with a flow passages and.an incident
flow device [deviée causing flow onto the filtration module] which
does not result in leakage or with which the danger of leakage is

significantly reduced and which has a simple construction.

These objects are achieved by the filtration module of
claim 1 which according to the invention is characterized in that

the filtration membrane pockets are configured as substantially
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£lat and flexible and which on its opposite sides is connected
fixedly with the holder which has at least one suction line for
leading off the liquid drawn through the filter membrane pocket

opening and in that the filter membrane pockets have a flexible

liquid permeable core and/or a plurality of liquid permeable core
elements. The special advantage of this filtration module lies in
a simplified fabrication which is associated with especially low
fabrication cost, as well as in a uniform differential pressure
distribution over the entire filter membrane pockets whereby, as a
consequence, rigid plates or frame-forming elements can be
eliminated in' large measure .and filter membrane damage can be
eliminated as a consequence. By comparison with the approach known
from the state of the art with filtration cassettes, & suction line
for suction conduits are also integrated i a rigid
their damage or leakage therefrom is excludsd.
liquid-permeable cores Oor COI€ elements give rise Lo & dsfined

membrane pocket interior space which remains constant.

Further features of the invention are described in the

dependent claims.

Thus in the simplest case the membrane pockets are
comprised of - two membrane foils connected peripherally with one

another, preferably by adhesive bonding, welding or also by casting
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with another material that preferably could form a cast holder. As
a result the filter membrane pockets can easily and cost

effectively be fabricated.

According to a further feature of the invention the

membrane foils are comprised of a thermal setting synthetic resin
[duroplastic] and/or an elastomeric synthetic resin. Preferably
the thermosetting material is a phenolic resin while the elastomer
is polyethylene, polyacrylo/nitrile, a polyester sulfone and/or PVC
(polyvinyl chloride). Such foils have high mechanical strength.
The membranes of the prior art are susceptible to damage by sharp-'
edged particles contained in the liquid and for that reason to
protect the nonfiltration devices of the state of the art,
extensive precleaning of the liguid has bsen reguired T remove
these sharp-edged particles. Through the us= of =iz fzils
according to the invention, this recleaning can be eliminated and
the requisite maintenance work required to avoid damage can be

eliminated as well.

According to a further feature of the invention, the
holder is comprised of a parallelepipedal fgame which encloses the
filter membrane pockets or within the interior of which the filter
membrane pockets are held parallel to one another between opposite

cides of that frame. Especially a holder of a synthetic resin is
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selected, preferably in the form of a cast thermosetting synthetic
resin body whereby during the casting process a connection is made
to the filter membrane pockets. The duroplastic or thermosetting
material used can especially be a polyester with or without a

filler or a polyurethane.

According to a further feature of the invention all of

the filter membrane pockets can be provided with a common

dewatering collector.

As the material for the flexible liquid permeable core, &
support fleece or mat or a latticework fabric of a supporting

textile, can be used. Lattice fabric materials are preferably

1

11
(4

or phenolic

m

polypropylenes, polyethylenes, glass fiber fabric

1

resin fabrics. For foam-like support fleecss or mats

Al
)
N

ore
materials, especially polypropylenes, polyethylenes, polyesters and
PVC, as nonwoven materials, or a glass fiber mat can be employed.
Alternatively or additionally, individual core elements of the
flexible liquid permeable ribs can be used which preferably are
affixed on the inner side of the membrane foils or are arranged on
the membrane inner sides or themselves are formed from the membrane
material itself. These ribs in accordance with a further
embodiment of the invention can be substantially parallel to one

another whereby the two opposing inner surfaces of the filter
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membrane have parallel ribs which run crosswise to the ribs of the
opposite side. Through this feature the membrane pocket interior
spaces are always of the same size even when there are nonuniform
flow properties in the liquid and one of the filter membrane units
is loaded to a greater extent than a neighboring filter membrane

unit.

According to a further embodiment of the invention, the
ribs can be connected together adhesively or via an inner support
layer to reinforce the connection between them. The adhesive
connection can also be formed between a liquid permeable core of a-
foam-like support mat and a membrane. With this feature it is
possible by reversing the filtrate flow directly to back-flush the
filtering membrane pockets used and achievs a better control of the
layer covering the filter membranes. This als> can prevent an
adhesion of the membrane foils to the ribs or to a ligquid permeable
core and a detrimental fluttering of the membrane with time. To
reinforce the adhesive or weld seam against an upward flow, the

membrane pockets according to a further feature of the invention

are provided with synthetic resin insert strips[

To ensure that the liquid stream will always meet the

filter membrane pockets in an optimal manner, the holder which is

traversed from below through an inlet passage can have a flow-
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generating device like a pump and/or an aeration device or at least
one flow-directing baffle permanently mounted therein. This baffle
can serve to distribute the cleaning flow in an optimal manner on

the underside of the filtration module.

According to a further feature of the invention and to
increase the functional capacity, preferably a multiplicity of
holders each equipped with filter membrane pockets can be stacked

one upon another.

According to a further feature of the invention the
filter membrane pockets have affixed at their lower edges the

cleaning fibers which extend into the interiors of the pockets.

preferably these cleaning fibers are comprised of syntnetic resin

[

and have a specific gravity which is less tran trhe spscific gravity
of the liguid to be cleaned. Furthermore, the cleaning fibers
preferably are elastic and/or have a diameter which is always 0.5
mm and a width which amount of 10 to 95% of the gap width of the
filter membrane pocket. The mentioned fibers are moved by the
liquid flow which traverses the module along the filter membrane
surfaces. This constant movement of the fibers serves to ensure
the improved mechanical cleaning of the filtration membranes. This

has the advantage that the interval with which the module must be

chemically cleaned can be increased substantially. The previous
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requirement for frequent removal of the module from the filtration
vessel in the state of the art is thus no longer required.
Furthermore, through the use of the fibers hydraulically weaker
module regions which are traversed by the liquid can be cleaned
more strongly mechanically to provide greater free filtration areas
_than otherwise would be the case. Because of the enhanced
mechanical cleaning, the quantities of gas which must be introduced
can be significantly reduced by comparison with embodiments without

fibers. This results in a reduction of the operating cost.

Embodiments of the invention are described with respect
to further details and advantages below in conjunction with the

drawing. It shows

FIG. 1 a perspective view oI a filcration module

according to the invention,
FIG. 1la a variant of the filtration module of FIG. 1.

FIG. 2 a partial elevational view partly broken away of

a filtration module according to claim 1 and

FIGS. 3 to 7 respective partial sectional views of

filtration membrane pockets in different configurations.
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The filtration module shown in FIG. 1 is comprised of a
parallelepipedal receptacle 10 with closed side walls 11, 12. The
receptacle 10 is open at its top and bottom so that liquid can flow
through it. Within the receptacle and connected with this
receptacle 10 are a multiplicity of flat, flexible filter pockets
one alongside the other and arranged parallel to one another. The
filter pockets comprise membrane foils 13 and 14 (see FIG. 2) which
are closed at their upper and lower ends by means of weld seams Or
adhesive seams 15. Between membrane foils 13 and 14 a support
fleece [mat] 16 and/or a. multiplicity of flexible ribs 17, 18 or 19
are arranged. The filter membrane pockéts‘are also closed at their
respective sides which, in the drawing, extend vertically and are

connected with the side wall 12 as well as with the cpposite side

h= Lateral edges

H
—
v
1
-
-
Ay
(@1
1

wall. This can for example be achieved

are affixed to the side wall 12 and the opposite wall by means of a

casting process.

The filtration module illustrated in FIG. la corresponds
to the previously described filtration module except that here
additionally at the lower edge the filtration membrane pockets have
cleaning fibers 50 affixed thereto. These cleaning fibers are
comprised of elastic synthetic resin material which has a specific

gravity which is smaller than the specific gravity of the waste
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water stream to be cleaned. The cleaning fibers can be of round,
rectangular, oval or other cross section. It is important only
that the cleaning fibers move back and forth as a result of the
passage of the liquid through the module and thus frictionally bear
upon the surfaces of the filter membrane pockgts. Preferably the
minimum fiber diameter or the minimum fiber width amounts to 0.5
mm. The upper limit for the fiber width is 95% of the gap width of

the filter membrane pockets.

As is apparent from FIGS. 3, 4 and 5, the fleece support
body or the ribs extend substantially over the entire interior
height of the hollow space. The arrangement of the ribs 17 and 18
in FIG. 4 is chosen so that they lie parallel while the arrangement
of the ribs 17 and 19 according to FIG. 5 1s so chosen trat the
ribs 17 and 19 are disposed parallel to one andtnsy wrnilie the ribs
17 and 19 are disposed perpendicular [vertical] to one another. 1In
the embodiment according to FIG. 6, a support fleece 16 is provided
between the membrane foils 13 and 14 in the filter membrane pocket
together with ribs 17 and 18, whereby the latter are secured to the
center surfaces of the membrane foils. The ribs 17 and 18 are

disposed perpendicular to one another [vertical to one another].

In the embodiment illustrated in FIG. 7, an adhesive or

weld seams for the membrane pockets are reinforced by a strip 22 of
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plastic, for example of a polyester, polyurethane, ABS,
polyethylene, polyphenol, or PVC. The strip 22 has the same or a
similar thickness as the core material inserted into the membrane
pocket and is adhesively bonded or welded on both sides with
membrane parts as a result the membrane pocket can better withstand
elevated flow velocities. The strip 22 also affords the
possibility of further simplifying the fabrication of the membrane
module since it provides a guide for the core material and by the
casting process enables the individual pockets to be bonded with

the pocket holder and to serve a shape stabilizing function.

From the filter membrane pockets shown in FIGS. 3 to 7

is dependent upon the size of the pockets 10. The desired number
of filter membrane pocket units are dispcsed parallei ©g one
another and in equispaced relationship £frow nieighnoring merbrane

pockets or in contact with one another with eguispacing of the
membrane pockets within the box 10. Each membrane pocket has a
flexible liquid-permeable core or core element which is flanked on
both sides by membrane foils 13 and 14. The membrane foils are
cemented together or welded together with one another on two
opposite sides whereby the membrane pocket thickness is reduced to
the thickness of the membranes which are adhesively bonded or
welded together. As a result a flow profile is obtained which

gives rise to a reduction in the flow resistance and an improved
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flow through the filter membrane pockets. The flexible liguid
permeable core and/or the core elements of the filter membrane
pockets ensure that in spite of the pressure difference between the
outer side of a membrane and the inner side of the membrane during

the filter process, & filtrate-filled space remains between two

foils 13 and 14. This space serves for the transport of filtrate
ffom the filter. The remaining two sides of each filter pocket are
connected by a casting process fixedly with the surrounding holder.
The holder or the opposite walls 12 additionally have suction
passages 20 for dewatering each filter membrane pocket for which
purpose the filter membrane pockets have an opening 21. The
advantage of this configuration is that no separate connection must

be provided between the filter membrane pockets and the filtrate

collector. The filter membrane pockets hawve an optirur filtrate-
surface area/space ratio. The filtration modole can tnus also be
used in places in which the space is limited. The mecnanical

resistance of the membrane foil can be ensured since robust battery

separators can be used for the filtration process.

A simple filtration module construction can be achieved
by initially cementing the membrane fo:ls which are used together
and then casting them in place with synthetic resin in the
formation of a pocket holder. The unit constituted of the membrane

pockets and the pocket holder forms the filtration module. In a
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finishing step a number of filtration membrane pockets can be

assembled to a module in Ehis manner.

The holder formélthe outer enclosure of the filtration
module so that an additional separate membrane receiving box can be
omitted. The holder 10 is connected fixedly with an inlet duct
(not shown) which can be arranged below the pocket holder. = In this
inflow passage, as 1s the case basically also in the state of. the
art, for example from EP 0 662 341 B1, a flow generating device
like an aeration device or a pump can be included. The result is a
complete free-standing functional unit which can be integrated into
a liquid-filled work tank in the form of a box 10. An expensive
provision of modules for coupling upper and lower boxes together

can be avoided.

Basically a multiplicity of filtracion woiuies 10 can be
directly provided in such manner as to provide an :mproved

utilization of unitary flow.

The battery separator'foils which are used for filtration
have on their inner sides, ribs 10, 18, 19 which serve as spacers
to hold open the filtrate spaces. The ribs are either cemented
together to achieve a greater stiffness of the filter pockets oOr

are connected together via a support mat in the form of a support

fleece.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A filtration module for the cleaning of waste water with a multiplicity of
filtration membrane pockets each having at least one opening for the dewatering of its
interior space and which are disposed vertically, parallel to one another and preferably at
the same spacing to one another in a rigid rectangular parallelepipedal holder and so
arranged that the intervening spaces lying between neighbouring filter membrane
pockets are traversed by a liquid, the holder having at least one suction line for carrying
off liquid drawn out through the filter membrane pocket opening, and the filter
membrane pockets having a flexible liquid permeable core and/or a plurality of flexible
permeable core elements, characterized in that the filter membrane pockets are fixedly

connected with the holder on opposite sides.

2. The filtration module according to claim 1, characterized in that the filter
membrane pockets are comprised of two peripherally interconnected membrane foils
which preferably are connected together by adhesive bonding, welding or by casting with
another material that further preferably can form the cast holder, whereby preferably the
membrane foils are composed of a thermosetting and/or elastomeric synthetic resin,
preferably from a thermosetting phenolic resin, polyethylene, polyacrylonitrile,
polyethersulfone and/or polyvinylchloride (PVC).

3. The filtration module according to any one of claims 1 or 2, characterized in that
the holder is comprised of plastic, preferably of a cast thermosetting synthetic resin body,
especially of polyester with or without a filler or from polyurethane.

4. The filtration module according to any one of claims 1 to 3, characterized by a

common dewatering collector for all of the filter membrane parts.

5. The filtration module according to any one of claims 1 to 4, characterized in that
the flexible liquid permeable core is a foam-like support fleece which is comprised
preferably of polypropylene, polyethylene, polyester, glass fiber textiles or PVC, oris a
support textile which preferably is composed of polypropylene, polyethylene, glass fiber
fabric, PVC or a phenolic resin fabric and/or that either the foam-like support fleece or
the support fleece with additional core elements are adhesively bonded with the

membrane foil.

16
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6. The filtration module according to any one of claims 1 to 5, characterized in that
individual core elements are flexible ribs which preferably are fastened at the membrane
foil inner sides or are arranged on the membrane foil inner side and are comprised of
membrane parts themselves whereby preferably the ribs are arranged substantially
parallel to one another and/or that the opposing filter membrane inner surfaces
respectively have parallel ribs which are arranged crosswise to the ribs of the opposite

sides.

7. The filtration module according to claim 6, characterized in that the core

elements are adhesively bonded to each other and/or with the membrane foils.

8. The filtration module according to any one of claims 1 to 7, characterized in that
the filter membrane pockets have a synthetic resin insert strip for reinforcing the adhesive
or weld seam with respect to a rising flow.

9. The filtration module according to any one of claims 1 to 8, characterized in that
the holder is connected with an inlet passage at its lower side in which a flow generating
device like a pump and/or an aerator and/or in which at least one flow-directing baffle
body is arranged and/or that a multiplicity of holders each equipped with filter

membrane pockets are disposed one above another.

10.  The filtration module according to any one of claims 1 to 9, characterized in that
the filter membrane pockets have cleaning fibers fixed at their lower edges and which
extend within the inner space of each pocket and/or are comprised of synthetic resin,
and preferably having a specific gravity which lies within the specific gravity of the
waste water to be cleaned and/or are elastic and/or have a fiber diameter which lies
between a minimum width of 0.5 mm and an upper limit for the fibre of 95% of the

distance between parallel filtration membrane pockets.

Dated this ninth day of March 2006
A3-Abfall-Abwasser-Anlagentechnik
GmbH

Patent Attorneys for the Applicant:
F BRICE & CO
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