Carrier insert for accommodating and maintaining the biofilm culture of fluid
cleaning structures ‘ ;

The invention relates to a carrier insert for accommodating and maintaining the
biofilm culture of fluid cleaning structures, which contains a spatial web made of staple

fibres using the hosiery method.

Numerous methods are known for cleaning sewage. One of the best known and most
widely used procedures is activated sludge treatment. However, its disadvantage is that
the cleaning capacity of the reactors is significantly restricted by the limited biomass
retaining ability of activated sludge systems. According to the classic scheme the
settling phase following the activated sludge reactor operates favourably as long as the
activated sludge concentration inside the reactor remains below a floating matter
concentration of 5-6 kg/m’. If the activated sludge concgntration inside the reactor is
higher than this, greater decomposition capacity can be reached by improving the phase
separation step or by fixing it insidé the biomass reactor. The option mentioned first is

followed for example by membrane separation processes, while the second group of

solutions include biofilm reactors.

In the case of biofilm reactors using woven natural or synthetic fibre based textiles as
biofilm carriers biofilm developmént starts on the textile fibres separately too. The
condition for this is that the individual fibres must be placed and fixed at an appropriate
distance from each other, loosely enough. A significant advantage of this construction is
that if the surface of the staple fibres is taken into consideration separately, then a very

large specific surface can be coated with biofilm.

A further advantage is that _a_ccorrd,irig ‘to experience, if these fibres are used as
immersed biofilm carrier elements, biofilm of a very large quantity develops, which has

a loose, fibrous structure at the same time, so it is possible to retain a large quantity of



biomass without significant limitations of material transfer bearing key importance in

the case of biofilm systems.

Several different textile-biofilm carrier solutions focusing on this basic principle

became known.

A carrier consisting of vertical load-bearing fixing fibres carrying the weight of the
textile and the biofilm settling on the carrier surfaces and of biofilm carrier sections
constructed between them in different directions in a way relieved from load bearing is
described in patent specification no. DE 101 32 546. At the same time, publication
document no. DE 101 43 367 describes further methods for the arrangement of biofilm

carrier sections as well as constructions also containing horizontal load-bearing fixing
fibres.

Publication document no. US 2008/0245731 relates to a biofilm carrier textile

consisting of horizontal load-bearing cross-woven fibres and free fibres connecting them

and serving as a biofilm carrier surface.

Patent specification no. DE 197 30 839 relates to a solution, in which the biofilm
~carrier section does not simply consist of free fibres, but of loops created from such
fibres. In this case the carriers are fixed by stiffening rods inserted in separate textile

- sections to ensure mechanical stability.

A common characteristic feature of the described constructions is that they form

spatial structures by stretching the biofilm carrier plates and placing several of these

plates next to each other in a parallel position.

Patent specification no. US 6.274.035 describes a biological filter unit constructed
from such plates placed close to each other, which solution is based on that the distance
between the plates is ensured by distance pieces fitted to the plates themselves.

Structures constructed from flat plates are also described in the specification, as well as



a solution, where the plates with distance pieces are rolled up into a compact coil to

obtain a spatial structure.

Patent specification no. DE 101 32 546 describes a solution, where the individual

carriers are provided with a frame each, and then the frames are placed next to each

other.

However, the general advantage of the known solutions is that because of the
position of the carriers the total surface of the desired size cannot be obtained on the
given basic area and the specific perforrhance of the reactor remains below the
expectations, or — especially when tubular carriers are used — there is a risk of blocking

up, which may result in the reduced operability and reliability of the reactor.

A further disadvantage of the known spatial biofilm carriers is that it is difficult to
arrange them to form a spatial structure, and because of the loading of the connections

in the nodal points there is an increased risk of failure.

Our aim with the carrier insert according to the invention was to overcome the
deficiencies of the known solutions and to create a solution, which has a simple
“structural construction and ‘enables the creation of a fairly large biofilm carrier surface,
while there is not risk of blocking up, controlled flow can be realised and the

composition and stretching of the spatial structure does not result in static or mechanical

problems in the nodal points.

The constructions according to the invention are based on the recognition that if the
textile units created in a way known in itself are connected to each other so that there is
always an even number of textile unit endings at the connection points, then it is
possible to create the entire spatial structure in a simple way and to fix it easily along its
edges, as the forces transferred by the textile units into the nodal points practically
“extinguish” each other, and so, without any pulling force dr any significant loading of

the textile units, the space part bordered by the neighbouring textile units can be kept in



the desired form of a channel having an appropriately large cross-section, and so the

task can be solved.

In accordance with the set aim, the carrier insert according to the invention for
accommodating and maintaining the biofilm culture of fluid cleaning structures — which
contains a spatial web made of staple fibres using the hosiery method —, is constructed
in such a way that the web has internal textile units joining each other in intermediate
complete nodal points and situated between the complete nodal points, and external
textile units situated along the edges of the web, where in the case of at least a part of
the complete nodal points there is an even number of internal textile units guided into
the given complete nodal point, the internal sides of the external textile units situated
along the edges of the web are connected to a complete nodal point each, and the

~external sides of the external textile units are provided with connection points for

joining the structure, and via the connection points the web is attached to the structure in

a fixed position.

A further criterion of the carrier insert according to the invention is that two of the
internal textile units situated in a given complete nodal point are positioned in the same

principal plane, and the given principal plane is taken through the given complete nodal

point.

In the case of a possible construction of the carrier insert at least a part of the textile

units are joined to each other in the complete nodal point with an adhesion and/or

cohesion and/or hosiery joint.

In the case of another different version of the invention some of the textile units are

made of the same material, and individual groups of such arranged textile units form a

main body each.

In the case of a further different realisation of the carrier insert the connection points

are situated at the ends of the main bodies or, in a given case, the connection points are



placed at the ends of the main bodies and on the free sections between the ends of the

main bodies.

From the aspect of the invention it may be favourable, if the distance between the

neighbouring complete nodal points is between 50-300 mm, favourably between 100-

150 mm.

In the case of a further construction of the carrier insert at least a part of the textile
units contain longitudinal free fibres and cross fibres connecting the longitudinal free
fibres to each other. Favourably the distance between two neighbouring longitudinal free
fibres should be maximum 50 mm, while the distance between two neighbouring cross

fibres should be maximum 50 mm, and the cross-section of the longitudinal free fibre

(30) should be at least 0.0001 mm?.

The carrier insert construction according to the invention has numerous advantageous
-features. The most important one of these is that due to the construction and connection
of the individual textile units other than the ordinary, the entire spatial structure of the
carrier insert can be easily created, the carrier insert can be fitted in the reactor easily
and safely, and during use, even after a long period of operation no damage can occur in

the nodal points because of the forces deriving from fastening.-

A further advantage deriving from this is that the production, operation and

maintenance costs of the carrier insert are fairly favourable.

It can also be mentioned as an advantage that due to the spatial structural
construction according to the invention — as compared to the known and generally used
solutions — the size of the carrier surface situated in a unit of reactor volume can be
significantly increased. As a result of this the efficiency of already operating sewage
treatment plants can be enhanced without any special reconstruction or any significant

cost investment. In the case of new sewage treatment plants, besides a more favourable



investment cost a sewage treatment plant of a greater capacity can be built on the same

area, or a plant of a given capacity can be realised at a lower cost.

Another advantage is that in the case of using the carrier insert according to the
invention the free space used in the reactor appears in the form of channels bordered by
an even number of filter units and having a cross-section between 5-30 cm, favourably
between 10-15 cm, as a result of which it is possible to realise controlled material flow
in the reactor, which results in better mixing and more favourable material transfer,

which improves the purification performance of the reactors even more.

It is also regarded as an advantage that because of the carrier insert structure
according to the invention, die to the use of the flexible textile units bordering the
channels, the risk of blocking up, which is so common in the case of tubular systems, is
eliminated, so the operation safety of tile construction according to the invention is also

much better than in the case of the known tubular solutions.

It can be regarded as the economic advantage of the carrier insert according to the
invention that due to the controlled flowing ensured by the specific spatial structure the
~material transfer inside the reactor improves, the direct advantage of which lies in more
perfect oxygen transfer and a lower ventilation demand deriving from it. All this results
in saving energy during operation. Due to the elimination of the risk of blocking up — as
compared to the use of three-dimensional plastic structures — there is greater operational
safety, which, from an economic aspect, is indicated by the reduction of lost operatioh

time deriving from failures caused by blockages.

Below the invention is described in detail in connection with construction examples,

on the basis of drawings. In the drawings

figure 1 is the top view of the carrier insert according to the invention,
figure 2 is the side view of a possible version of the main body used as a building

element in the carrier insert as in figure 1,



figure 3 is the schematic view of a version of the carrier insert as in figure 1,

figure 4 is the top view of a further different construction of the carrier insert.

Figure 1 shows a version of the carrier insert 2 according to the invention, which
contains a web 10 placed in the reaction space of the structure 1 for sewage treatment. It
can be seen that in the case of this construction of the carrier insert 2 the web 10 is
formed by a group of internal textile units 11, 12, 13, 14, 15, 16 joining each other in the
complete nodal points 20, 21, 22, 23 and positioned at right angles to their neighbours,
and external textile units 17, 18 situated along the edge 10a of the web 10 and joining
the structure 1 via connection points 24, 25. In the present case the internal side 17a of
the external textile unit 17 is situated in fhe complete nodal point 21, while its external
~ side 17b touches the structure 1, but the internal side 18a of the external textile unit 18

is situated in a nodal point — not shown in figure 1 —, while its external side 18b is
situated along the bordering structure 1. In this arrangement the web 10 borders tubes of
the shape of a rectangular prism, whére distance “T” between complete nodal point 20
and complete nodal point 22, complete nodal point and complete nodal point 21,
complete nodal point 21 and complete nodal point 23, and finally between complete
nodal point 23 and complete nodal point 20 is of the same size. Practically distance “T”

is between 50-300 mm, but favourably distance “T” is between 100-150 mm.

The individual internal textile unit 11, 12; 13, 14, 15, 16, and also the external textile
units 17, 18 — as shown in figure 2 — cbnsist of cross fibres 40 and longitudinal free
fibres 30. Practically the longitudinal free fibres 30 are situated loosely beside each
other in the vertical direction of the internal textile unit 11, while the density of the
cross fibres 40 is much greater. In the part strengthened with cross fibres 40 the distance
between two neighbouring cross fibres 40 is maximum 50 mm, while the cross-section

of the longitudinal free fibres 30 loosely hanging next to each other is at least 0.0001

mm2 .

In figure 1 it can be seen that the group of several textile units situated next to each

other, such as for example external textile unit 17, internal textile unit 15, internal



textile unit 14, internal textile unit 11 and further textile units form the main body “F1>.
The very top section — horizdntal in figure 2 — of main body “F1” strengthened with
cross fibres 40 is suitable for assuming the force needed for fastening the main body
“F1” to the structure 1 and transfer it between the one end “Fla” and the other end

“F1b” of the main body “F1”.

Figure 1 also shows that in the individual nodal points, for example in complete
nodal point 20, among the internal textile units 11, 12, 13, 14 belonging here, internal
textile unit 11 and internal textile unit 13 are situated in the same principal plane “S1”,
while internal textile unit 12 and internal textile unit 14 are also situated in the same
principal plane “S2”. As a fesult of this, in the fastened position of the carrier insert 2

‘minimal lateral force is generated in complete nodal point 20.

It can also be seen in figure 1 that the main body “F1” is folded up along a zigzag
line, so that in the case of the neighbouring external textile unit 17, internal textile unit
15, internal textile unit 14, internal textile unit 11 and the further textile units the
complete nodal point 21, complete nodal point 22 and complete nodal point 20 are in
contact with the neighbouring main bodies “F2” on the two sides of main body “F1”. In
this way, in complete nodal point 20 the internal textile unit 14 and the internal textile
unit 11 of main body “F1” ‘consisting of the same material, and the internal textile unit

13 and the internal textile unit 12 of main body “F2” consisting of the same material are

attached to each other.

The connection of main body “F1” and main body “F2” in the complete nodal point
20 can be solved with an adhesion, cohesion or other mechanical joint, e.g. sewing, in
‘complete nodal point 20. Obviously the web 10 having a square grid pattern in top view
can be created by proceeding in a similar way in the case of all nodal points of the
carrier insert 2. It is obvious that the main body “F2” is also attached to the structure 1 at
its “F2a” and at its “F2b” end. The main body arranged along the structure — as shown in

figure 1 — joins the structure 1 at several corner points between the ends.



Figure 3 shows the position of a part of the web 10. The complete nodal point 20 and
the internal textile units 11, 12, 13, 14 joining here can be seen again, where the internal
textile unit 11 and the internal textile unit 13 are situated in principal plane “S1”, while
the internal textile unit 12 and the internal textile unit 14 are situated in principal plane
“S2”. The structure of the individual internal textile units 11 and external textile units
17 can also be seen, which consists of horizontal cross fibre 40 sections running parallel

to each other and a set of vertical longitudinal free fibres 30.

Figure 4 shows the top view of another version of the carrier insert 2 according to the
invention. Here a part of the main bodies, e.g. main body “F1” consists of internal
textile units 11, 12, 13, 14 running in one single straight principal plane “S1” and the
external textile unit 18. At the same time, between two straight main bodies “F1” there
are main bodies “F2” folded up along a zigZag line, which join the main bodies “F1” in
complete nodal points 20, 21, 22, 23. 'In the case of this construction, in the complete
nodal points, for example in nodal point 20, there six internal textile units meeting each
other, always of an even mvlmber,v so the generated forces affecting the given complete
nodal point 20 are minimal here too, as two internal textile units are situated in principal
plane “S1”, another two in principal plane “S2”, and the last two in principal plane
“S3”. The plane where the forces exert their effect and the absolute value of the forces is

the same, but the forces have opposite directions, so practically they extinguish each

other.

When producing the carrier inserts 2 according to the invention first of all the main
bodies “F1” are created and their neighbouring main bodies “F2”, using the hosiery
method known in itself, so that only at given larger distances are the longitudinal free
fibres 30 held together by the neatly afranged bands of more densely woven cross fibres
40. In the following the finished main bodies “F1” and main bodies “F2” are fastened to
each other in the appropriate complete nodal points 20 suiting their required positibn,
and in this way the neatly arranged spatial structure of the internal textile units 11, 12,

13, 14, 15, 16 and the external textile units 17, 18 is created. Finally this structure is
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fastened to the structure 1 via the connection points 24, 25 of the external textile units
17, 18, so that the individual internal textile units 11, 12, 13, 14,15, 16 and the external

textile units 17, 18 extend into the reactor space.

Even when these carrier inserts 2 are used, the sewage is purified in the ordinary way,
but due its soft structure the carrier insert 2 according to the invention forms a
significantly larger biofilm carrier surface, it does not get blocked, and it also enables

controlled sewage flow.

The carrier insert according to the invention can be favourably used in sewage

treatment plants using biofilm.
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CLAIMS

1. Carrier insert for accommodating and maintaining the biofilm culture of fluid
cleaning structures, which contains a spatial'Wéb made of staple fibres using the hosiery
method, characterised by that the web (10) has internal textile units (11, 12, 13, 14, 15,
16) joining each other in intermediate A complete nodal points (20, 21, 22, 23) and
situated between the complete nodal points (20, 21, 22, 23), and external textile (17, 18)
units situated along the edges (10a) of the web (10), where in the case of at least a part
of the complete nodal points (20, 21, 22, 23) there is an even number of internal textile
units (11, 12, 13, 14, 15, 16) guided into the given complete nodal point (20, 21, 22, 23),
the internal sides (17a, 18a) of the external textile units (17, 18) situated along the edges
(10a) of the web (10) are connected to a complete nodal point (20, 21, 22, 23) each, and
the eXternal sides (17b, 18b) of the external textile units (17, 18) are provided with
connection points (24, 25) for joining the Structure (1), and via the connection points

(24, 25) the web (10) is attached to the structure (1) in a fixed position.

2. Carrier insert as in claim 1, characferised by that two of the internal textile units
(11, 12, 13, 14, 15, 16) situated in a given complete nodal point (20, 21, 22) are
positioned in the same principal plane (S1, S2, S3), and the given principal plane (S1,
S2, S3) is taken through the given complete nodal point (20, 21, 22, 23).

3. Carrier insert as in claim 1 or 2, characterised by that at least a part of the textile
units (11, 12, 13, 14, 15, 16, 17, 18) are joined to each other in the complete nodal point
(20, 21, 22, 23) with an adhesion and/or cohesion and/or hosiery joint.

4. Carrier insert as in any of claims 1-3, characterised by that some of the textile
units (11, 12; 13, 14, 15, 16; 17, 18) are made of the same material, and individual

groups of such arranged textile units (1 1, 12; 13, 14, 15, 16; 17, 18) form a main body
(F1, F2) each.
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5. Carrier insert as in claim 4, characterised by that the connection points (24, 25)

are situated at the ends (Fla, Fl1b, F2a, F2b) of the main bodies (F1, F2).

6. Carrier insert as in claim 4, characterised by that the connection points (24, 25)
are placed at the ends (Fla, F1b, F2a, F2b) of the main bodies (F1, F2) and on the free
sections between the ends (Fla, F1b, F2a, F2b) of the main bodies (F1, F2).

7. Carrier insert as in any of claims 1-6, characterised by that the distance (T)
between the neighbouring complete nodal points (20, 21, 22, 23) is between 50-300

mm, favourably between 100-150 mm.

8. Carrier insert as in any of claims 1-9, characterised by that at least a part of the
textile units (11, 12, 13, 14, 15, 16, 17, 18) contain longitudinal free fibres (30) and
cross fibres (40) connecting the longitudinal free fibres (30) to each other.

9. Carrier insert as in claim 8, characterised by that the distance between two

neighbouring longitudinal free fibres (30) is maximum 50 mm.

10. Carrier insert as in claim 8 or 9, characterised by that the distance between two

neighbouring cross fibres (40) is maximum 50 mm.

11. Carrier insert as in any of claims 7-10, characterised by that the cross-section of

the longitudinal free fibre (30) is at least 0.0001 mm?.



