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(57) Abréegée/Abstract:

The invention refers to a carrier element to be used as a carrier for a microbial film in a biological water or waste water purification
process In which the carrier elements are kept moving in the water. The surface of the carrier element is partly protected against
collision with the surfaces of other carrier elements. The carrier element has flow passages therethrough and is moreover designed
to allow good flow of water therethrough also after a microbial film having been established on the surfaces. The carrier element
has a length, width and/or height which exceeds 1.5 cm, and the protected area is larger than 100 m?/m* of the volume of the
carrier element. The cross-sectional area of the passage openings in the boundary surface towards the surroudings of the element
comprises at least 35 % of the boundary surface towards the surroundings of a homogenous body having the same dimensions.
The invention also relates to the use of such carrier elements for the treatment of waste water from the wood-processing industry,
the waste water containing at least 100 mg/l suspended matter as measured on a GF/A-filter, as well as a reactor for biological
water or waste water purification, comprising a reactor tank (20) which contains carrier elements (25) according to the invention
and whereln a grid (26) covering the bottom of the tank Is provided over aerators (21) at said bottom.
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(54) Title: BIOFILM CARRIER FOR WATE

(57) Abstract

The invention refers to a carrier element to be
used as a carrier for a microbial film in a biological
water or waste water purification process in which
the carrier elements are kept moving in the water.
The surface of the carrier element is partly protected
against collision with the surfaces of other carrer
clements. The camrier element has flow passages
therethrough and is moreover designed to allow good
flow of water therethrough also after a microbial
film baving been established on the surfaces. The
carrier element has a length, width and/or height which
exceeds 1.5 c¢m, and the protected area is larger than
100 m¥m3 of the volume of the carrier element.
The cross-sectional area of the passage openings in
the boundary surface towards the surroudings of the
element comprises at least 35 % of the boundary
surface towards the surroundings of a homogenous
body having the same dimensions. The invention also
relates to the use of such carrier elements for the
treatment of waste water from the wood-processing
industry, the waste water containing at least 100
mg/l suspended matter as measured on a GF/A-filter,
as well as a reactor for biological water or waste
water purification, comprising a reactor tank (20)
which contains carrier elements (25) according to the
invention and wherein a grid (26) covering the bottom
of the tank is provided over aerators (21) at said
bottom.
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BIOFILM CARRIER FOR WATER AND WASTE WATER PURIFICATION

The invention relates to a biocfilm carrier for water .
or waste water purification.

In biological purification of water or waste water
the water is passed through some type of reactor wherein
mlcro-organisms are utilized to convert impurities existing
in the water to harmless end products such as carbon
dioxide and water. The purification i.a. can be performed
under supply of air (aerobically) or without supply of air
(anaerobically). In order to increase the efficiency of the
purification a high content of active micro-organisms in
the process commonly is aimed at so that said organisms are
not allowed to escape with the purified water, either by
the micro-organisms being allowed to grow in suspension in
the reactor and being separated from the water in a
separation step after the reactor and being returned to the
reactor (e.g. the activated sludge process), or by some
type of carrier material being introduced into the process,
on the surfaces: of which the micro-organisms can grow as a
biofilm and thus can be maintained in the process (the
biofilm process).

The biofilm process has a number of advantages as
compared with the activated sludge process and other
processes with suspended biomass. Among other things higher
loads can be used and the processes are substantially less
gengitive to variations and disturbances. Most conventional
biofilm procesgses are based on the purification reactor
being packed with carrier material in the shape of filler
bodies or blocks which are fixed to be stationary in the
process. These process embodiments have the drawback that
there is a risk of the carrier material belng stopped by
biomass or other particulate material and that dead zones
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may be established in the process where the.contact between
the water and the active micro-organisms is very bad. _

In another type of biofilm process a carrier material
ig utilized which is held in suspension. and movement in the
process. The carrier material with micro-organisms growing
thereon is maintained in the process by outgoing water.
being allowed to pass through a strainer or grid having an
opening diameter or slot width which is.so small that the
carrier material cannot pass therethrough. The advantage of
this type of process is i.a. that the risk for stopping of
the carrier material and the establishment of dead zoneés is
substantially reduced. Different types of carrier material
are available for this type of process: foamed rubber
pieces (EP-A-0Q 142 123), rings of non-woven plastic _
material (Haikangijutu vVol.29(4): pp 64-69, 1987), and
pieces of extruded plastic hoses the surface of which 1is
enlarged by mechanical processing (Haikangijutu vol. 295(4):
pp 64-69, 1987), intermixing of material which provideé a

rough surface (Water Environment Research vol. 64(7):

pp 884-889), or introduction of. inside partitions and
outside fins (WO-A-91/11396). These materials héve in _
common that they have a density which 1s close to the
density of water so as to be easily held in suspension:
Although processes with carrier elements of these types
often can be operated at high loads all prior art
embodiments of carrier elements have, however, drawbacks
which substantially limit the capacity of the process,

particularly in aerobic processes wherein the supply of

oxygen to the working micro-organisms is of decisive
importance for the purification efficiency. In foamed

rubber pieces and rings of non-woven material the pores
often are blocked _ by growing biomass so that the active
surface in contact with waste water and air will be
reduced. The carrier_elements which have been produced by
extruding a plastic hose are small, < 1 cm, in order that
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the surface per volume will be large. Alsoc in these
elements the passages often are blocked, and also in case
this does not happen it has been found that the supply of
oxygen to the biofilm which in most cases is located on the
5 inside surfaces of the carriers is heavily limiting for the.
process. Also, it has been found that the small size of
these carrier elements causes difficult practical problems
due to the fact that they will be caught by foam which is
produced in the procesges, and thus can be carried away

10 from the process by the foam or the wind. Furthermore,
there will often arise problems in treating waste water
containing suspended particles, e.g. fibers, by the small
openings in the strainers or grids holding back the carrier
elements being blocked. For e.g. waste water carrying

15 fibers in the forest industry these small carrier elements
have been found to be directly unsuitable for this reason.

So far it has not been possible to overcome these
problems by making larger carrier elements because it has
not been possible as far as prior art embodiments are

20 concerned to provide a large carrier with a large surface
for the .biofilm, protected against wear, without the
efficiency of the process being heavily reduced by a still
greater oxygen limitation of the biocfilm than in available
small carriers.

25 The purpose of the present invention is to overcome
the said problems, and the invention relates to a carrier
element for use as a carrier for micrcobial film in a
biological water or waste water purification process
wherein the carrier elements are kept moving in the water,

30 the surface of the carrier element being partly protected
against collision with the surfaces of other carrier
elements and the carrier element having flow pasgsages and
moreover being designed to allow good flow of water
therethrough also after a microbial film having been

35 established on the surfaces.
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For said purpose the carrier element has obtained the
characterizing features of claim 1 so as to combine a large
size with a large surface protected against wear and with a
very good flow of both water and air therethrough. The .

5 carrier element according to the invention therefore . .
provides great advantages as compared with prior art '
carrier materials i.a. by a considerably greater supply of
oxygen and by largely reduced risks for stopping of
strainers or grids for retaining the carrier material.

10 The invention also relates to the use of such carrier
elements for the treatment of waste water from the wood-
processing industry, the waste water containing at least
100 mg/l suspended matter as measured on a GF/A-filter.

Furthermore, the invention relates to a reactor for

15 biological water and waste water purification using the
carrier elements according to the invention. .

In order to explain the invention in more detail
jllustrative embodiments thereof will be described below.
reference being made to the accompanying drawings in which

20 FIGS. 1 and 2 are perspective.views of a first

embodimeﬁt of the carriexr element according to the

invention as seen from one and the other end,
respectively,

FTIG. 3 is an end view of the carrier element in FIGS.

25 1 and 2 as seen from the same end.as 1n FIG. 1,

FIG. 4 is an end.view of the carrier element in FIGS.

1 and 2 as seen from the same end as in FIG. 2,

FIGS. 5 and 6 are corresponding perspective views as

FIGS. 1 and 2 of a second embodiment,

30 FTGS. 7 and 8 are corresponding perspective views as

FIGS. 1 and 2 of a third embodiment, and . .

FIG. 9 is a diagrammatic perspective view of a

reactor wherein the carrier elements .can be used.

The carrier element in all embodiments shown can be

35 described generally as a number of walls arranged and
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interconnected in such a manner that a large portion of the.
total surface of the walls is protected against wear
against the surfaces of other bodies, that there are free
passages for the flow through the carrier element, and that
the total cross-sectional area of the passages in the
boundary surface. towards the surrocundings of the carrier
element is large. The carrier element in FIGS. 1 to 4 thus
comprises twelve equally distributed radial inside walls 11
and 12 which extend axially from one end of the carrier-
element to the other end thereof. The walls comprise
alternating radially longer walls 11 and radially shorter
walls 12. The walls are interconnected by means of an
ocutside ring 13 at one end of the carrier element and an
inside ring 14 at the other end of the carrier element
radial windows 15 being bounded by the walls. The carrier
element thus has a structure similar to a turbine wheel.
Suitably the carrier element consists of plastics or
composite and then can be manufactured by injection
moulding. In order that necessary draught shall be provided
the envelope surface tapers slightly conically and the
walls has a thickness which diminishes from one end of the
carrier element to the other end thereof as shown in the
drawings. It is possible, however, to make the carrier
element of another material than plastics or composite. The
carrier element forms several axial passages 16 between the
walls and moreover is completely open at the center at 17
to allow an unobstructed flow axially straightly through
the element from one end thereof to the other end thereof.
The linear length of the element and the diameter thereof
are both preferably about 3.2 cm. Generally the length and
diameter of the carrier element (width and/or height)
should be more than 1.5 cm and preferably ranges from 2.5
to 10 ¢m, particulary within the interval from 3 to 5 cm.
Walls 11 and 12 form protected surfaces i.e. surfaces which

are protected against wear by collision with other carrier .
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elements, and on these surfaces a microbkial f£ilm can grow
in the biological water purification process. The totally
protected surface should be larger than 100 mfﬂﬂsvolume of
the carrier element, preferably larger than 200 m{hﬁﬂmm
particulary larger than 275 m°/m°. If the carrier elements
are designed so as to have a very large surface, >500
nf/m?, it can, however, be difficult to avoid that the

passages through the carrier element will be so narrow that
they are stopped by the growth. " -

In aerobic processes it is customery to use carrier
elements having a density close to:thgféenslty:ogéwatgx,
but according to the invention it has been found that it 1s
advantageous to use carrier elements having a higher :
density due to the fact that carrier elements having a
density close to the density of water without resistance
will be carried along by the flowing water and rapidly will
escape from raising air bubbles; it follows that water
easily will be stationary inside the elements and that air
seldom will pass through the ilinner passages of the carrier
element. Carrier elements having a higher density on the
contrary tend to move down into the water and resist water
and air flow upwards in the process so that water and air
will be forced through the inner passages of the carrier
element the biofilm being supplied with oxygen:. At the same
rime the air bubbles will be broken.down into smaller
bubbles, which also increases the transfer of oxygen from

‘2ir to water. The flow through the carrier elements will be

increaged at increased density of the carrier element but
at densities which are too high, >1.40 kg/dm®>, the _
agitation of the material in.the process will be made
difficult so that the total efficiency of the ﬁrocess will..
be reduced. Very good efficiency has been obtained at a
density of the carrier elements ranging from 1.20 to 1.30
kg/dﬂl'where +he flow through the carrier elements is high
arid the mixing is still good. The high den81ty comblned
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with the size eliminates also the risk of the carrier
elements being removed from the process by the foaming

easlly arising at strong aeration.
The combination of size, surface, open structure and

density as described above provides a carrier element
having considerably improved properties in an aerocbic
purification process than carrier elements available so
far' _ - - o L T ' —

The carrier element according to the invention has
also been found to have good properties in anaercbic or
anoxic purification steps wherein the carrier elements can
be kept moving for example by mechanical stirring. In these
gystems 1t is also an advantage to choose a density near
the density of water in.order to avoid high energy supply
in order to keep the carriers moving.

These carrier elements have beeen found to provide
very good results in purification of different types of
waste water. Particularly the carrier element has been
found to provide great advantages in treating waste watexrs
from the wood-processing industry, containing fibers and
other particles. By the relatively large size of the
carrier element grids having a large slot width can be used
for retaining the carrier elements and it has been possible
to avoild all problems relating to stopping by fibers etc.
Many wood-processing industries which intend to intrduce
biological purification. have already only mechanical
purification provided by sedimentation basins for
separating fibers etc. A biological process with suspended
carrier elements according to the invention can be
performed prior to the existing sedimentation because
fibers unobstructedly pass through the process. Both fibers
and the surplus of biomass produced in the process then can
be geparated in the existing sedimentation so that no
further separation step need to be installed. In some cases

a coarse separation of large particles such as chips or
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bark pieces may be necessary prior to the biological
process but in that case it is the question of a =

substantially simpler and cheapér separation than a

gedimentation.. S L ) )
A very important feature.of the invention is that a

large part of the bounding surface towards the surroundings
of the carrier element is open for passage of water and ailr
in and out. The crosgss-sectional area of the passage
openings in the bounding surface towards the su:roundiﬁgs
of the carrier element then could comprise. at least 35..%,
preferably at least 40 %, particularly at least 50 % of the
boundary surface towards the surroundings of a homogendus
body having the same dimensions.

Particularly advantageous embodiments of. the
invention in order to satisfy the requirement of a large
cross-gectional area of the openings of the passages are
such embodiments wherein the carrier. element is. . open for
flow therethrough in all three dimenslons. The embodiment

of FIGS. 1 to 4 is such a preferred embodiment wherein the

water can flow freely through the carrier element. |
The embodiment in FIGS. 5 and 6 differs from the

enbodiment disclosed in FIGS. 1 to 4 by an axial tube 18
which is provided in the center of the carrier element and
the outside surface of which 1is connectéd with walls 11 all
having the same radial length. At one end of the.carrier
olement there are alternatingly walls 19 and openings for
the axial passages 16, the other end being completely open.
In the embodiment of the invention shown in FIGS. 7
and 8 helical walls 11’ and 12’ are provided producing a
rotational movement of the carrier element at the flow of
water therethrough so that the supply of oxygen to the

biofilm will be further intensified.
The carrier elements are held suspended in the water

or waste water to be purified biologically in a reactor

wherein air is supplied by means of aerators at the bottom
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of the reactor as shown in FIG. 9 wherein the reactor tank
18 designated 20 and aerators at the bottom thereof are
designated 21. The water surface in the tank is designated
22. The water is supplied to the tank at the top thereof at
23 and is drained at the bottom via an ocutlet 24. The
carrier elements suspended in the water are designated 25.
A problem which may arise in processes with suspended
carrier elements is that aerators must be changed or
repalired. The aerators in conventional. tanks are difficult
to reach because the tank is filled with large amounts of
carrier material which sediments on the bottom of the tank
when the water is drained. When carrier elements according
Lo the present invention are used this problem can be
avoided by the tank being provided with a grid 26 covering
the bottom above the aerators 21 at such level that access
i8 provided below the grid to reach the aerators. The grid
should have such a slot width that the carrier elements 25
cannot pass therethrough. When the water is being emptied
from the tank the carrier elements will settle on the grid
and it is then possible to enter into the space below the
grid, e.g. through a man-whole 27. This solution of the
problem is possible because the carrier elements according
to the lnvention are made so large that a grid can be used
which has a sufficient large slot width in order that the

alr can unobstructedly pass therethrough.
Grid 26 is also used as an outlet grid in order to

retain the carrier elements in the process by outgoing
water being passed through the grid and then through outlet
<4 arranged as a riser. Due to the bottom grid 26 being
used ag an outlet grid there is no need for a further grid
in order to prevent the carrier elements from being carried
along by the outgoing water out of the tank. Moreover the
risk of stopping of grid 26 is very small because the grid
will be continously rinsed by the air flowing from below

through the grid upwards into the tank.
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CLAIMS:

1. Carrier element for use as a carrier for microbial film in a biological water or waste
water purification process wherein the carrier elements are kept moving in the water, the
surface of the carrier element being partly protected against collision with the surfaces of
other carrier elements and the carrier element having flowthrough passages and moreover
being designed to allow good flow of water therethrough also after a mircrobial film
having been established on the surfaces, characterized in that the carrier element has a
length, width and/or height exceeding 1.5 cm, that the protected surface is larger than 100
m’/m’ carrier element volume, and that the cross-sectional area of the flowthrough passage
openings in the boundary surface towards the surroundings of the element 1s at least 35%,
of the boundary surface towards the surroundings of a homogenous body having the same

dimensions.

2. Carrier element as defined in claim 1, wherein the carrier element has a length,

width and/or height in the interval ranging from 2.5 to 10 cm.

3. Carrier element as defined in claim 2, wherein the carrier element has a length,

width and/or height in the interval ranging from 3 to 6 cm.

4. Carrier element as defined in claim 1, wherein the protected surface is larger than

200 m*/m° carrier element volume.

J. Carrier element as defined in claim 4, wherein the protected surface is larger than

275 m%/m’ carrier element volume.

6. Carrier element as defined 1n claim 1, wherein the cross-sectional area is at least

40% of the boundary surface of the homogenous body having the same dimensions.

7. Carrier element as defined in claim 6, wherein the cross-sectional area is at least

50% of the boundary surface of the homogenous body having the same dimensions.
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8. Carrier element as defined 1n any one of claims 1 to 7, characterized in that the
flowthrough passage openings in the boundary surface of the element are positioned to

permit flow of water and air into the element from all directions.

9. Carrier element as defined in any one of claims 1 to 8, characterized in that the
carrier element 1s criss-crossed by flowthrough passages oriented in the carrier element to

permit flow of water through the element 1n all three dimensions.

10. Carrier element as defined 1n any one of claims 1 to 9, characterized in that 1t is
built up of radially directed dividing walls defining the flowthrough passages which

dividing walls are interconnected to form a structure similar to a turbine wheel and open

centrally.

11.  Carrier element as defined in claim 10, characterized in that the dividing walls are

interconnected by means of an annular portion at each end of the carrier element.

12. Carrier element as defined in claim 10 or 11, characterized in that the dividing
walls are interconnected centrally by means of a tube positioned centrally 1n the carrier

element.

13. Carrier element as defined 1n any one of claims 10 to 12, characterized in that the
flowthrough passages between the dividing walls at one end of the carrier element are

alternatingly open and closed by means of end walls.

14. Carrier element as defined 1n any one of claims 10 to 13, characterized in that the

dividing walls have alternatingly greater and smaller radial length.

15.  Carrier element as defined in any one of claims 10 to 14, characterized in that the

dividing walls are helical.

16.  Carrier element according to any one of claims 1 to 14, characterized in that a

density of the carrier element is in the interval ranging from 0.92 to 1.40 ke/dm”.
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17.  Carrier element according to claim 16, wherein the density is 0.94 to 1.35 kg/dm”.
18.  Carrier element according to claim 17, wherein the density is 1.10 to 1.3 kg/dm’.
19. Carrier element as defined in any one of claims 1 to 18, characterized in that the

carrier element 1s made by injection moulding of plastics or composite materials.

20.  Use of the carrier element as defined 1in any one of claims 1 to 19 for the treatment
of waste water from the wood-processing industry containing at least 100 mg/1 suspended

matter as measured on a GF/A filter.

21.  Reactor for biological water or waste water purification comprising a tank
containing suspended carrier elements according to any one of claims 1 to 18,
characterized in that a grid covering the bottom and having a slot width which 1s smaller
than the smallest outside dimension of the carrier element is provided under the portion of
the tank receiving the carrier elements, spaced from the bottom of the tank a distance

which allows access to the space under the grid when the water has been drained from the

tank.

22.  Reactor as defined in claim 21, characterized 1n that the grid 1s provided as an

outlet grid for separating the carrier elements from water which is drained from the tank

via a bottom outlet.

23.  In a biological water or wastewater purification process, wherein elements serving

as carriers for microbial film are kept moving in the water, the use of carrier elements as

defined in any one of claims 1 to 19.

24.  Method for treating water, the method comprising:

placing a plurality of carrier elements 1n a body of water, wherein protected
surfaces of the carrier elements are protected against collision with surfaces of other
carrier elements, wherein the carrier elements have flow passages and allow good flow of

water therethrough also after a microbial film has been established, wherein each of the
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carrier elements has a length, width and/or height exceeding 1.5 ¢cm, each protected
surface being larger than 100 m*/m’ carrier element volume, and wherein a cross-sectional
area of passage openings in a boundary surface towards surroundings of each carrier
element is at least 35% of a boundary surface of a homogeneous body having the same
dimensions; and

maintaining the plurality of carrier elements moving in the water, whereby a
microbial film establishes on surfaces of the plurality of carrier elements, and the water is

treated.

25.  The method according to claim 24, further comprising supplying air to the water

while maintaining the plurality of carrier elements moving in the water.

26.  The method according to claim 24, wherein the air is supplied by an aerator

beneath the water.

27.  The method according to claim 24, wherein the water is located in a reactor tank,
the method comprising maintaining the plurality of carrier elements moving in the water

inside the reactor tank.

28.  The method according to claim 27, further comprising providing a grid adjacent a

bottom of the reactor tank.

29.  The method according to claim 24, wherein the water contains at least 100 mg/l

suspended matter as measured on a GF/A filter.

30. The method according to claim 24, further comprising providing the passage

openings such that water and air can flow into the carrier elements from all directions.

31.  The method according to claim 24, turther comprising providing the carrier

elements with a density in the interval ranging from 0.92 to 1.40 kg/dm".
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32.  The method according to claim 31, further comprising providing the carrier

elements with the density in the interval ranging from 0.94 to 1.35 kg/dm’.

33.  The method according to claim 32, further comprising providing the carrier

elements with the density in the interval ranging from 1.10 to 1.30 ke/dm’.

34.  The method according to claim 24, further comprising providing the carrier

elements with a length, width and/or height in the interval ranging from 2.5 to 10 cm.

35.  The method according to claim 34, further comprising providing the carrier

elements with the length, width and/or height 1n the interval ranging from 3 to 6 cm.

36.  The method according to claim 24, further comprising providing the protected

surfaces to be larger than 200 m’/m’ carrier element volume.

37.  The method according to claim 36, further comprising providing the protected

surfaces to be larger than 275 m*/m’ carrier element volume.

38.  The method according to claim 24, further comprising providing the cross-
sectional area to be at least 40% of the boundary surface of the homogeneous body having

the same dimensions.

39.  The method according to claim 38, further comprising providing the cross-
sectional area to be at least 50% of the boundary surface of the homogeneous body having

the same dimensions.
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