ot

Description

The present invention relates to & method for .

purification of water and to a reactor for use in the
method.

There are known various different methods for
purification of waste water, for instance mechani-
cally by sedimentation or sieving, chemical pu-
rification by addition of chemicals and gas treat-
ment, for instance with ozone or chlorine. Further, it
is known to treat the water biologically, i.e. by
exposing the water to a culture of bacteria that will
cause the desired conversion of the pollutants. To
a great extent all the above mentioned methods are
combined.

The present invention is connected with prob-
lems in biological purification with bacterial cul-
tures.

Biofilm, as discussed below, should be under-
stood to be a layer of a bacterial culture, in which
the bacteria may be of aerobic, anoxic or anasrobic
type, depending on what kind of purification is
desired.

Biological purification methods are primarily
used for waste water, but may also be used for
purification of water in aquacultures and for drink-
ing water. The present invention may be exploited
in all the fields where biological methods may be
used for water and sewage purification, particularly
in aerobic, biological processes where the reactor
content is oxygenated and stired by means of
aeration, but also in anaerobic processes where the
reactor content is not aerated, but is kept under
stirring mechanically or hydrodynamically.

Biological methods are extensively used for
purification of polluted water. Traditionally, biologi-
cal methods have been used to reduce the content
of organic material in the water, but particularly in
the later years biotechnological methods have also
been taken into use for removal of ammonium
(nitrification), removal of nitrogen by denitrification
and removal of phosphorus.

A distinction is made between aerobic and
anaerobic processes. In aerobic processes the mi-
croorganisms need oxygen, while the microorgan-
isms which live in anaerobic processes must have
an oxygen free environment. Most of the purifica-
tion plants around the world are based on aerobic
processes, but there is a growing interest for an-
aerobic processes, particularly in connection with
removal of nitrogen and purification in connection
with nitrogen removal and purification of concen-
trated organic industry sewage.

A distinction is also made between bioslurry
systems and biofilm systems. In bioslurry systems
the microorganisms are floating in the water ag-
gregated together in sludge particles in a bioreac-
tor. In aerobic slurry systems, active slurry sys-
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tems, the slurry particles are separated from the
water and then returned to the bioreactor, thereby
to maintain the amount of biomass as high as
possible. _

In biofilm systems the microorganisms grow on
fixed surfaces in the bioreactor. The biofilm grows
in thickness as the microorganisms propagate, and
paris of the biofilm will eventually peel off and new
biofilm will be formed. Because the biofilm is fixed
and the water moves by, the biomass does not
have to be returned for the microorganisms to be
exploited as much as possible.

Lately, there has been a considerable tendency
to replace slurry systems by biofilm systems. The
main reasons for this are:

a. The biomass per volume unit can be made
considerably higher, with the result that the
bioreactor will be smaller in volume.
b. The biofilm reactors can withstand greater
variation in the load, and also in the composition
of the raw water, which make the biofilm meth-
ods more robust than the active slurry methods.
¢. The result of a breakdown in the biological
process does not have such dramatic conse-
quences in the biofilm methods as in the active
sludge methods, because the sludge concentra-
tion out of the bioreactor is much lower.
The biofilm reactors existing today are based on
different systems, such as biorotors (rotating bio-
logical contactors), trickling filters and fluidized bed
reactors. Examples of trickling filters are given in
British patent 2197308, EP-A2 301.237 and French
patent 2 185 437, in which the reactor is packed
with elements that are immobile. There are also
biofilters in which the carrier medium for the biofilm
is immersed and where the water volume is aer-
ated, but these systems are based on a solid
carrier which is stationary in the reactor, or on foam
rubber like elements which are allowed to float in
an active sludge reactor.

The active sludge systems (slurry systems)
have the disadvantage that it may be difficult to
obtain sufficient control with the sludge separation,
with the result that unintended loss of sludge may
occur with serious consequences for the recipient.

Another obvious disadvantage with these sys-
tems is that the reactor volume will be very large,
since the biomass per volume unit in the reactor
becomes small.

However, compared with the traditional biofilm
systems (biorotors and trickling filters) the active
sludge systems have the advantage that one has to
do with an open bioreactor which cannot in any
way get clogged.

The greatest disadvantage with the biorotor
systoms is that they are based on a prefabricated
biorotor which makes the system very little flexible.
There have been considerable mechanical prob-
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lems with many of the biorotors, and if the biorotor
breaks down, it is difficult to adapt the biorotor to
another system. True enough, there are several
examples of biorotor reactors having been rebuilt to
biofilter reactors, but then with a system based on
a fixed filter material.

The main disadvantage with the traditional
biofilter system (trickling filter) where the water is
trickled over the carrier material for the biofilm and
where the oxygenation takes place through natural
ventilation, is that the bioreactor volume becomes
relatively large. It is also a considerable disadvan-
tage that in this system the amount of oxygen fed
fo the process cannot be adjusted to the amount
which is used in the bioprocess and which cor-
responds to the organic load. It is commonly
known that these circumstances result in that tradi-
tional biofilters (trickling filters) give a poorer pu-
rification effect for a given organic load per area
than the other biofilm methods.

- Another type of biofilter is the socalled im-
mersed Dbiofilter. The principle thereof is that a
stationary biofilter material is immersed in the reac-
tor while the biomass is oxygenated by aeration.

The growth surface of the immersed biofilter is

stationary and most often consists of corrugated
plastic flakes glued together to form cubes which
are placed one upon the other as building bricks or
of randomly located single elements or granulates,
which are all however, stationary during the use of
the biofilter. The main disadvantage with the fixed,
immersed biofilter, is that access to the underside
of the biofilter is made very difficult. If the biofilter
gets clogged from the underside, or if the aerating
means, which are placed under the biofilter, get
clogged, the whole biofilter has to be taken out for
cleaning. It has also been a problem that whole
biofilter elements have floated up as a conse-
quence of partial clogging and capture of great air
pockets in the biofilter material.

Another system is the socalled "fluidized bed"
bioreactor. This is based on the bioreactor being
filled with sand, and the water being pumped from
the bottom to the top of the bioreactor with suffi-
cient speed for the sand to fluidize. The biofilm
grows on the sand grains. With this system a very
great biomass per volume unit of the reactor can
be obtained, because the specific growing area for
biofilm will be large.

The disadvantage of the system is a result of
the very great organic load per volume caused by
this. Consequently, aerobic systems cannot be
supplied with sufficient oxygen per volume unit to
replace the oxygen used by the biomass. In prac-
tice, another problem has been to separate the
biofilm from the sand grains, since these are so
small (typically 0.4-0.6 mm).
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In addition there are other systems which are
in the borderland between the above discussed
traditional systems. Most of these systems aim to
increase the biomass per volume unit of the
bioreactor by formation of a biofilm.

Most of these alternative systems are based on
something in beiween a biofilm system and an
active sludge system, the sludge from the post
separation stage being returned from the post-
separation bassin, in order to establish a slurry
culture in addition to the biofiim culture in the
bioreactor. In this way an attempt is made to "ride
both horses".

This system is unfavourable because:

a. The sludge concentration in the sludge sepa-
ration bassin becomes very high, which results
in greater risks for the recipient because of loss
of sludge.

b. The slurry particles will present an organic
strain on the biofilm, a fact which has been
demonstrated in several research projects.

A very important disadvantage with a system
based on biomass growing on and in small foam
rubber dices which are floating in the reactor, is
that these dices float so well that they will be
floating on the surface of the water of the bioreac-
tor and thus give a poor contact between the
biomass and the incoming substrate. Another es-
sential disadvantage has proved to be that the
biomass grows on the surface of the dice only, and
not in the pore volume as intended. This is a
consequence of the fact that the biofim on the
outer surface prevents access of the water and the
substrate to the inner volume.

It has now been found that the essential dis-
advantages of the above discussed systems may
be avoided, while at the same time the most impor-
tant advantages of each of these can be main-
tained.

Thus, according to the invention there is pro-
vided a method for water purification in which
waste water is fed into a reactor containing carriers
with a biofilm which promotes a desired conversion
of impurities, and this method is characterized in
that the carriers with the biofilm are kept sus-
pended in the water in a reactor with inlet and
outlet tubes and optionally mixing means. The car-
riers are particulate elements having a larger sur-
tace than smooth elements of the same dimension.
Normally the surface of the elements will be at
least 1.5 times, and particularly at least 2 times as
large as the outer surface of a smooth element of
the same dimensions. The density of the elements
is 0.90-1.20, particularly 0.92-0.98 and most par-
ticularly 0.92-0.96 kg/dm?2.

To a great extent the size of the carrier will be
a question of suitability, and a suitable range will
be elements having a linear dimension of from 0.2
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to 3 cm, particularly from 0.5 to 1.5 cm. However, it
should be emphasized that the essential feature is
that the carriers are held suspended in the reactor,
and other dimensions than those mentioned above
can be contemplated.

Suitably, the carrier is prepared from soft plas-
tic, so that it does not wear on the other carriers
nor on the reactor itself with equipment. Since it is
here a question of plastic which should primarily be
a carrier for a film of bacteria, recirculated plastic
can advantageously be used for the preparation of
the carrier.

There is no particular limitation with respect to
the form of the carrier, provided that it has a large
surface per weight unit and the above defined
density, in order to be kept suspended. Suitable
carriers may also consist of pieces of a tube with
internal separating walls. Both on the outer and the
inner walls as well as on the separating walls there
will be formed a biofilm layer of the desired bac-
terium culture. Generally, there should be as many
separating walls as possible in order to make the
surface extra large, but on the other hand care
must be taken that the openings between the sepa-
rating walls do not become so small that the open-
ings get clogged. When the carrier is in the form of
a piece of tube with internal separating walls, the
tube walls may suitably comprise inward bends so
that the outer wall is subjected to less friction
against other carriers or against the reactor during
operation. Thereby the biofilm on the outer wall of
the carrier is kept more intact. A tube used for the
preparation of the carrier, may for instance suitably
have internal walls forming a cross. Also, the inter-
nal walls in the tube can be made to form a
honeycomb pattern, but other patterns which pro-
vide a large surface and easy passage may just as
well be used. It is also possible to use particles
with a rough surface, for instance coarse-grained
granules, even if these will have a smaller surface
than said tube pieces.

Most suitably, the carrier is a piece of an
extruded tube having separating walls in the lon-
gitudinal direction of the tube with "fins” on the
outer side. The reason why such a carrier is par-
ticularly advantageous, is that it will be very easy
to prepare, contrary to a carrier prepared by other
possible methods, for instance die-casting where
each carrier has to be prepared individually. For
extrusion, a tube is continually extruded and cut in
suitable pieces. All the separating walls will then be
in the longitudinal diraection of the tube, so that
irrespective of where the tube is cut, the cross-
section will be the same.

In addition to the carrier containing internal
separating walls, it has been found advantageous
that it also contains "“fins" on the outer side, thus to
be in the form of a piece of an extruded tube
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having separating walls in the longitudinal direction
of the tube, both inside and outside the circum-
ference of the tube. By such an arrangement a
particularly large surface is obtained with relatively
little material, for instance plastic, compared with
the surface. Like the internal surfaces of the tube,
also the outer surfaces close to where the "fins"
extrudes from the circumference of the tube, will
be protected against wear on the biofilm during
use.

A suitable type of carrier with "fins" is illus-
trated by the cross section on figure 1. Seen from
the side, the carrier will look like a rectangle. This
is almost the simplest conceivable shape. Another
shape is illustrated on figure 2, where the tube has
a square cross section and is supplied with several
internal walls. A modification of this embodiment is
illustrated on figure 3, where the inner walls as well
as the outer walls extend beyond the circumfer-
ence of the tube to give the above mentioned
"fins". As illustrated on figure 1 such "fins" do not
only have to be a continuation of inner walls or
outer walls, but may also be independent "fins"
between those which for instance have been illus-
trated on figure 3.

The carrier is used in reactors for water pu-
rification by feeding an adjusted amount of the
carrier into the reactor, and the water to be purified
is treated in the reactor by the biofilm which is
established and will grow on the carriers, causing
the desired conversion of the pollutants. Suitably
there is used a reactor with water inlet at the
bottom and outlet for the purified water at the top,
but such a location is not necessary, particularly if
suitable mixing and circulation devices are used.
The reactor is conveniently equipped with sieve
means in which the mesh width is less than the
smallest diameter of the carrier. This will serve to
prevent that the carriers escape from the reactor.
The carriers may easily be pumped in and out of
the reactor, and maintenance does not require a
break in the operation.

The carriers, the use thereof, the reactor and
the method according to the invention, constitute a
system which, compared with the above described,
previously known systems, has several advantages:

- The reactor volume is completely open and
the growth surface for the biofilm, consisting
of solid, non-porous particles, circulates ar-
ound in the bioreactor, while the specific
weight of the particles is very close to 1.0
kg/dm?3.

- The bioreactor may be totally closed, and the
carrier material immersed, which makes op-
timal contact between the impurities in the
water and the microorganisms on the carriers
possible, as well as complete conirol with
possible smelling agents from the process.
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.= The bioreactor may be oxygenated through
" aeration, which makes correct adjustment be-
tween consumption and supply of oxygen
possible. Thus, the organic load may be ad-
justed in accordance with that consumed by

the biomass.

The system according to the invention has the
same advantage as the active sludge systems in
that the reactor is open and therefore cannot be-
come clogged. Further, the reactor may have prac-
tically any form.

A great advantage of the present system, com-
pared with the other biofilm systems, is that exist-
ing active sludge systems may very easily be
rebuilt in such a manner that the system according
to the invention may be adapted to the existing
installations based on the active sludge principle.
Such a rebuilding is very complicated with the
other biofilm systems. :

The difference between the present system
and the immersed biofilter discussed above, is
primarily that the growth surface for biofilm in the
present system is circulated around in the bioreac-
tor as a consequence of the turbulence made by
the aeration or by hydrodynamic forces, while the
growth surface in the immersed biofilter, as stated
above, is stationary, and normally consists of cor-
rugated plastic flakes glued together as cubes
which are placed one upon the other as building
bricks, or single elements or granules randomly
placed in the bioreactor, but which are still station-
ary during the operation of the biofilter.

in the present system clogging of the biofilter
medium will not be possible, since the biofilter
medium is not stationary, but moves with the
streams in the bioreactor. If the aeration devices in
the reactor become clogged, it is very easy to
remove the biofilter medium by simply pumping it
out. Similarly, it may be pumped into the bioreactor
when the process is started up.

When the bioreactor is used for anaerobic pro-
cesses, where there is no aeration, the bioreactor
medium is subjected to continuous or sporadic
stirring, for instance by means of a propeller stirrer
or by circulation pumping. Accordingly, the chance
of clogging is very small, contrary to when a sta-
tionary biofilter is used, where the risk of clogging
in an anaerobic system is rather great. The reactor
content may here be heated to increase the reac-
tion rates in the anaerobic processes.

In the present system the surface per volume
unit desired for the operation may be decided, and
because of this the oxygen supply can be adjusted
in exact conformity with the oxygen consumption
that takes place. The oxygen supply can also be
adjusted so that air instead of pure oxygen may be
used for the oxygenation. The particles on which
the biofilm grows, are comparatively large, and
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they do not sink, but circulate, or are kept circulat-
ing, so that the particle density may be chosen
independent of the amount of water desired
through the reactor.

In the system according to the invention, the
sludge should normally not be returned to the
bioreactor with the intention to increase the
biomass. However, this does not prevent that the
sludge may be returned if for instance the system
is used in existing active sludge installations.

A particular object of the invention is to obtain
a greater disintegration rate of the substrate per
volume unit of the reactor than that which is ob-
tained by competing systems, and thereby to ob-
tain lower costs per disintegrated weight unity of
substrate.

The object is obtained by allowing the biofilm
to grow on the carriers according to the invention,
placed in a reactor through which the water to be
purified is flowing.

When an aerobic biological process should
take place in the bioreactor, the content of the
reactor is aerated. Through the aeration the carriers
get thoroughly mixed in the reactor volume, and
good contact between the biofilm growing on the
carriers and the substrate in the waste water is
thereby ensured.

When an anaerobic process should take place
in the bioreactor, the content of the reactor is not
aerated. Thorough mixing of the content of the
reactor is then ensured e.g. by mechnical stirring
(propeller stirrer) or by circulation pumping of the
content of the reactor.

Normally the carriers will be retained in the
reactor when the water flows out of the reactor
through a sieve means with light orifice less than
the cross section of the carriers. For special uses,
for instance in biologic removal of phosphorus, it
will be possible to let the carriers follow the water
out of the reactor, later to be separated off and
retumed to the reactor. This is in case done to let
the biofilm growing on the carriers flow through
both an aerobic and an anasrobic reactor.

The reactors may in pre-fabricated form be
totally closed both for aerobic and anaerobic pro-
cesses. This makes it possible completely to con-
trol the smell that may be produced in the reactor.
Both when the reactor is used in aerobic and in
anaerobic processes, the exhaust gases from the
process are captured and led away. In aerobic
processes the exhaust gases consist primarily of
carbon dioxide and smaller amounts of other gases
which are let out in the air, optionally after separate
deodorizing. In anaerobic processes, the waste
gases consist primarily of methane and carbon
dioxide with smaller amounts of other gases. This
biogas has a high heat value and accordingly may
optionally be used for energy production.
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When the invention is used to upgrade existing
purification plants, the reactor will normally be
open, since the bassins already available can then
be used (for instance aeration tanks in active
sludge installations).

The amount of carriers in the reactor will vary
according to the field of use and the reactor vol-
ume available. Normally, the amount will be such
that the carriers in an empty tank take up 30-70%
of the reactor volume. However, the amount may
be adjusted to the substrate load the reactor is
intended to work with. Thus, the amount may be
decided by the oxygenation capacity of the reactor.

The three most important values to be decided
when dimensioning the bioreactor, are the volume
of the reactor, the number of carriers per volume
unit and the amount of oxygen to be supplied (in
the case of an aerobic reactor). :

The reactor itself may be built with any: rel-
evant materials, but the pre-fabricated, closed-reac-
tors will normally be built from stesl or GAP, while
the open reactors will normally be built from con-
crete or steel.

The biofilm sludge may be separated down-
stream the bioreactor by any of the relevant par-
ticle separation techniques, as for instance sedi-
mentation, flotation, filtration and membrane tech-
nique.

As described generally above, the bioreactor
may be used for all purification techniques based
on biological degradation of a substance which
should be removed.

However, the most common fields of use can
be:

* Removal of organic substance in waste water
through aerobic reaction.

* Removal of organic substance in concentrat-
ed organic sewage through anaerobic reac-
tion. ’

* Removal of ammonium by oxidation to nitrite
and nitrate through aerobic reaction (pitrifica-
tion).

* Removal of nitrogen by reduction of nitrite
and nitrate to nitrogen gas through anaerobic
(anoxic) reaction (denitrification).

* Removal of phosphorus
aerobic/anaerobic reaction.

The invention provides the following advan-
tages in purification of waste water:

* The bioreactor according to the invention re-
quires a smaller reactor volume to remove a

- given weight unity of pollutant (organic sub-

stance, ammonium, etc.) than the existing
traditional arrangements, since the biomass
per volume unit is higher.

* In pre-fabricated form the present bioreactor
normally is closed, in order to obtain better
control with possible smelling gases than in

through

‘10

15

25

30

35

50

56

the traditional solutions.

* In the asrobic embodiment there is a better
possibility .to adjust the oxygen supply in
accordance with the oxygen need than in the
traditional systems.

* Due to the large contact surface between the
biomass and the air supplied, it is reason to
believe that the oxygen is better utilized in
the present reactor than in the traditional ac-
tive sludge installations. This entails reduced
need of air and consequently lower energy
costs for running the present reactor com-
pared with the active sludge systems.

* The reactor will have approximately the same
design both for aerobic and anaerobic sys-
tems. As a result, an aerobic system may
easily be rebuilt to an anaerobic system and
vice versa. This is a particular advantage for
those systems that require both an aerobic
and an anaerobic step, for instance systems
for biological removal of nitrogen and phos-
phorus.

* Compared with immersed biofilters with a
stationary growth surface for biofilm, the
growth surface for biofilm anticipated here, is
much more easy to remove from the reactor
container, which simplifies cleaning, inspec-
tion and maintenance both of the reactor con-
tainer and the aeration system, and which
reduces the risks for clogging of the growth
surface medium.

* Existing biological purification plants based
on active sludge can very easily increase
their capacity when existing reactors are
used in the system of the invention.

A simple reactor has been illustrated on figure
4, where the reactor 1 is a cylinder containing
carriers 2 for biofilm. At the outlet for purified water
5 the reactor is equipped with a sieve means 3.
Water is fed in through a tube at the bottom of the
container 4, and the exhaust gas is let out through
a tube in the top 8. Foam formation may be pre-
vented by means of a sprinkler system 7 which
may spray water on the surface.

Figure 5 illustrates the reactor equipped with
means for the admixture of air 8 which supplies air
through a line 9. This reactor is intended for
aerobic processes.

Figures 6 and 7 illustrate reactors equipped
with stirring means for use in anaerobic processes,
but which otherwise are similar to the reactor on
figure 1. On figure 6 the stirring means is a motor-
operated propeller stirrer 10, and on figure 7 a
circulation pump 11 in an attached circulation tube
12
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Claims

1.

A method for water purification in which waste
water is allowed to flow through a reactor con-
taining carriers on which a biofilm will grow,
which promotes a desired conversion of im-
purites,
characterized by using carriers which are
particulate plastic elements having
a) a surface which is at least 1.5 times as
large as the outer surface of a smooth ele-
ments of the same dimensions, and
b) a density in the range 0.80 to 1.20,
normally 0.92 {ill 0.98, particularly 0.92 to
0.96 kg/dm3, and '
c) some of the surface protected against
biofilm wear during use, and
d) walls which allow easy passage of water,
wherein the carriers with biofilm are kept
suspended and moving in the water in a
reactor with inlet and outlet and optionally
mixing means.

A method according to claim 1,

characterized by using carriers having a sur-
face which is at least 2 times as large as the
outer surface of a smooth element of the same
dimensions.

A method according to any of claims 1 and 2,
characterized by using carriers having linear
dimensions in the range 0,2-3 cm, particularly
0,5-1,5 cm.

A method according to any of claims 1-3,

characterized by using carriers which have
been prepared from a soft plastic, optionally
resirculated plastic, and are in the form of
pieces of a tube with internal separating walls.

A method according to any of claims 1-4,
characterized by using camiers which are
pieces of an extruded plastic tube.

A method according to claim 5,

" characterized by using carriers which are

pieces of an extruded tube having separating
walls in the longitudinal direction of the tube
inside the circumference, and fins on the out-
side in the longitudinal direction.

Reactor (1) for aerobic, anoxic or anaerobic
water purification, comprising inlet (4) and out-
let (5,6) means,

characterized in that it contains a large num-
ber of carriers (2) for biofilm, which are used in
the process according to any of claims 1-6, the
volume of the carriers in an empty reactor
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representing 30-70 % of the reactor volume,
and means for suspending and moving said
carriers within the reactor.

Reactor according to claim 7,

characterized in that it comprises a sieve
means (3) for separating the carriers from the
liquid at the outlet (5).

Reactor according to any of claim 7 and 8 for
aerobic water purification,
characterized in that it comprises means for
the admixture of air (8) which is supplied with
air through an air-inlet (9).

Reactor according to any of claims 7 and 8 for
anaerobic water purification,

characterized in that it comprises mixing
means in the form of a mechanical stirrer (10)
or a circulation pump (11).

Patentanspriiche

1.

Methode zur Reinigung von Wasser, in wel-
chem Schmutzwasser durch einen Reakior
flieBt, der Tréger enth&lt auf welchen ein Bio-
film wichst, der die gewlinscht Umwandiung
der Verunreinigungen férdert,
gekennzeichnet durch die Verwendung von
Tréigern bestehend aus Plastikteilchen
a) mit einer Oberfliche die mindestens 1,5-
fach so groB wie die AuBenfliche eines
weichen Elements der gleichen Dimension
sind, und
b) mit einer Dichte im Bersich von 0,90 bis
1,20, normalerweise 0,92 bis 0,98, insbe-
sondere 0,92 bis 0,96 kg/dm3, und
¢) wobei Teile der Oberfliche gegen den
VerschleiB des Biofilms wihrend der Benut-
zung geschlitzt sind, und
d) mit Wénden, die ein leichtes Durchflie-
Ben des Wassers erlauben,
worin die TriAger mit dem Bioflim su-
spondiert gehalten werden und sich im
Wasser in einem Reaktor mit Einla8 und
AuslaB und gegebenenfalls Mischeinrichtun-
gen bewegen.

Methode geméB Anspruch 1,
gekennzeichnet durch die Verwendung von
Trigern mit einer Oberflliche, die mindestens

. 2-fach so groB wie die AuBenfliche eines wei-

chen Elements der gleichen Dimension ist.

Methode geméB einem der Ansprliche 1 und
2,

gekennzeichnet durch die Verwendung von
Trégern linearer Dimension im Bereich von 0,2
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bis 3 cm, insbesondere 0,5 bis 1,5 cm.

Methode gaméB einem der Ansprliche 1 bis 3,

gekennzeichnet durch die Verwendung von
Trigern, die aus weichem Plastik, gegebenen-
falls wiederverwendetem Plastik, hergestelit
wurden, und die die Form von Stiicken einer
Réhre mit inneren Trennwinden haben.

Methode gemé&B einem der Anspriiche 1 bis 4,

gekennzeichnet durch die Verwendung von
Trigern, die Stlicke einer extrudierten Plasti-
kr&hre sind.

Methode gem#B Anspruch 5,

gekennzeichnet durch die Verwendung von
Trigem, die Stlicke einer extrudierten R&hre
mit Trennwiinden in longitudinaler Richtung
der R&hre innerhalb des Kreisumfangs und
Rippen auf der AuBenfléiche in longitudinaler
Richtung sind.

Reaktor (1) zur aeroben, anoxischen oder ana-
eroben Wasserreinigung, umfassend FEinlag-
(4) und AuslaBeinrichtungen, (5,6)

dadurch gekennzeichnet, daB er viele Tri-
ger (2) fUr Biofilm, die im Verfahren gem#s
einem der Ansprliche 1-6 verwendet werden,
wobei das Volumen der Tréiger im leeren Re-
aktor 30-70% der Reaktorvolumens ausmacht,
und Einrichtungen zur Suspendierung oder Be-
wogung der Triger im Reaktor enthiit.

Reaktor gem&8 Anspruch 7,

dadurch gekennzeichnet, daB er Siebein-
richtungen (3) zur Trennung der Tréger von
der Flissigkeit am AuslaB (5) umfaBt.

Reaktor gem#B einem der Ansprliche 7 oder 8
2ur aeroben Wasserreinigung,

dadurch gekennzeichnet, daB er Einrich-
tungen zur Zumischung von Luft (8) umfaBt,
weiche mit Luft durch einen LufteinlaB (9) ver-
sorgt werden.

Reakior gem&8 einem der Anspriiche 7 und 8
zur anaeroben Wasserreinigung,

dadurch gekennzeichnet, daB er Mischhil-
fen in Form von mechanischen Rihrern (10)
oder Umwilzpumpen (11) umfagt.

Revendications

1.

Un procédé pour I'épuration de I'eau, dans
lequel les eaux-vannes circulent dans un réac-
teur contenant des supports, sur lesquels un
biofilm peut croftre, qui assure la conversion
souhaitée des impuretds, caractérisé en ce
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que l'on utilise des supports constitués d'élé-
ments en matériau plastique particulaires
a) ayant une surface représentant au moins
1,5 fois la surface extérieure d'un élément
lisse de m8me dimension, et
b) présentant une densité comprise entre
0,90 ot 1,20, normalement enire 0,92 et
0,98, en particulier entre 0,92 et 0,96
kg/dm3, et
c) dont une partie de la surface est proté-
gée contre l'usure du biofilm pendant I'utili-
sation, et
d) possédant des parois permettant un pas-
sage facile de l'eau, les supports recouverts
du biofilm étant maintenus en suspension et
en mouvement dans I'eau dans un réacteur
équipé d'une enirée et d'une sortie et, op-
tionnellement, d'un moyen d'agitation.

Un procédé selon la revendication 1, caractéri-
sé en ce que l'on utilise des supports ayant
une surface représentant au moins deux fois la
surface extérieure d'un élément lisse de méme
dimension.

Un procédé selon I'une quelconque des reven-
dications 1 et 2, caractérisé en ce que l'on
utilise des supports ayant des dimensions li-
néaires comprises entre 0,2 et 3 cm, en parti-
culier entre 0,5 ot 1,5 cm.

Un procédé selon I'une quelconque des reven-
dications 1 & 3, caractérisé en ce que I'on
utilise des supports qui ont été préparés dans
un matériau plastique lisse, optionnellement un
plastique recyclé, et présentant la forme de
portions de tubes comportant des parois de
séparation internes.

Un procédé selon l'une quelconque des reven-
dications 1 & 4, caractérisé en ce que I'on
utilise des supports qui sont des portions de
tubes en matériau plastique extrudé.

Un procédé selon la revendication 5, caractéri-
sé en co que I'on utilise des supports qui sont
constitués de portions de tubes extrudés com-
portant des parois de séparation longitudinales
2 l'intérieur de la circonférence du tube et des
allettes longitudinales 2 I'extérieur de ladite
circonférence.

Réacteur (1) pour épuration aérobie, anoxique
ou anaérobie de I'sau, comprenant une entrée
(4) et une sortie (5,6), caractérisé en ce qu'il
contient un grand nombre de supports (2) pour
le biofilm, qui sont utilisés dans le processus
selon {'une quelcongue des revendications 1 &
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6, le volume des supports dans un réacteur

vide représentant 30 & 70 % du volume du

réacteur et un dispositif pour la mise en sus-
pension et le déplacement desdits supports a
l'intérieur du réacteur.

Réacteur selon la revendication 7, caractérisé
en ce qu'il comprend un filtre (3) pour la
séparation des supports, du liquide, & la sortie
(5).

Réacteur selon I'une quelconque des revendi-
cations 7 et 8, pour |'épuration aérobie de
I'eau, caractérisé en ce qu'il comprend un dis-
positif pour I'admission et la diffusion d'air (8)
qui est alimenté par une entrée d'air (9).

Réacteur selon I'une quelconque des revendi-
cations 7 et 8, pour ['épuration anaérobie de
l'eau, caractérisé en ce qu'il comprend un
moyen d'agitation, sous la forme d'un agitateur
mécanique (10) ou d'une pompe de circulation
(11).
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