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Description

The present invention relates to a method for continuous or
semi-continuous treatment and/or dehydration of liquid organic
sludge by injection of air into the flow of sludge, and injection

of flocculant into the emulsion thus produced.

It also relates to a device for treatment/dehydration of liquid

sludges which implements a method of this type.

The invention has a particularly important, although not
exclusive application in the field of the reduction of volume
of organic sludges obtained from domestic or industrial water

purification stations.

“Organic sludge” means a sludge which is substantially charged
with organic material, i.e. comprising more than 50%, for
example more than 70%, of material produced by living beings,
vegetables, animals, fungi and other decomposers, such as

microorganisms.

Sludge dehydration devices are already known (FR 2 729 383)
which make it possible to improve the dryness of compact mineral
or organic sludges thanks to mechanical scrapers which are

displaced on the permeable base of storage tanks.

Devices of this type comprise risks of clogging which require
de-clogging means, and their mechanical appliances have
weaknesses. In addition, organic sludges are <colloidal

substances, the decantation of which is slow and inefficient.

Draining table systems are also known, which however have
significant operating constraints, and require installations of

a considerable size. Moreover they are inefficient.

Static systems are also known which are formed by decantation

vats.
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However, in the case of static thickening, the durations of stay
are considerable, and unfortunately give rise to phenomena of
fermentation of the sludges, causing foul odors and an increase

in the colloidal nature of said sludges.

A method is also known (FR 2 966 818) for separation of the
liguid and material in suspension of a sludge, wherein sludge
and air with a high flow rate are injected into an enclosure

with a small volume.

Although this method is quite efficient, it is substantially
applicable to highly mineralized sludges (i.e. which have a
percentage of organic material out of 1002 by weight of solid

material which is less than 5 to 15%).

Document WO 2015/079175 for its part describes a method for
treatment of liquid sludge by injection of air into a flow of
sludge with adjustment of the speeds of the flows of air and
sludge, and wherein the sludge is treated by
flocculation/decantation, with injection of a flocculation
reagent taking place before improvement of the dehydration in a
thickener spillway. In this case also, and although the method
is gquite efficient, the drying can be further improved, in
particular as far as the flocculation time and the quantity of

flocculant necessary are concerned.

Also known (FR 3 013 701 Al) are a method and a device for
treating an organic effluent that allow good dehydration, but

the latter can be further improved.

Document W02016/097343 for its part describes a method for
dehydrating sludges, comprising a prior step of mixing the
sludges 1n order to destructure them. Such a method requires

mechanical stirring, generating risks of breakdown and fouling.

The objective of the present invention is to provide a method
and a device which fulfil the requirements in practice better

than those previously known, in particular in that, by means of
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appropriate degassing, it makes it possible to obtain a
flocculated emulsion more rapidly, with less reagent (flocculent

material), and with a particularly compact installation.

By using the degassing energy astutely in order to create a floc
of thickened sludge, which is then favorable for extraction into
a simple scraping system for example, and without untimely
destruction of said floc, substantially instantaneous separation
is obtained of the sludge floc and the water, which is released
by flotation.

For this purpose, the invention starts with the principle of
continuous or semi-continuous treatment and/or dehydration (by
means of alternative batches) of a sludge, wherein an emulsion
is created with air which is degassed, and flocculation takes
place using the energy of said degassing as the kinetic maturing

energy.

The degassing function and the energy released are thus used to

improve the penetration of the flocculant into the sludge.

Advantageously, the sludges are also concentrated rapidly

downstream in line in a concentrator container.

For this purpose, the invention proposes in particular a method
for continuous or semi-continuous treatment/dehydration of

organic sludge, according to Claim 1.

It is thus observed that the energy is absorbed by reducing the
kinetic energy of the floc by a factor which is equal to at

least two.

The soft impact is of a liquid/liquid type.

Gentle and partial degassing of this type of the excess air does
not damage the emulsion, and will make it possible to flocculate
better by using the energy of the degassing, which permits a

decrease of 10 to 20%, or even up to 50%, in the time for mixing
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of the polymer, as well as a reduction of the quantity of polymer

to be used.

“Soft impact” thus means an impact or progressive contact
without percussion either on the floc itself, by means of falling
by gravity onto itself, or onto a shutter or wall or disc for
absorption of the energy, for example a shutter which 1is
flexible, or has a reduced dimension of, for example, a few cm?
(for example of x X y, where x and y < 10 cm), designed to brake
the flow, without however constituting an irregularity creating

a sudden excess pressure in the flow.

“Shutter” or “flexible shutter” means a resilient or semi-rigid
element, which for example is made of rubber or the equivalent,
which can bear and/or create a loss of load by braking, thus
permitting degassing by pressure, without however destroying

flocs of sludge.

A system of this type permits degassing of the excess air, whilst
ensuring the continuity of constitution of the floc, as well as
compliance with the speeds of passage or transfer of said floc

during the process.

As far as the polymer is concerned, conventionally the operator
of a sludge dehydration line will tend to provide excess polymer
in order to obtain a floc which is certainly heavier, but is not

liable to break up.

With the invention, this risk is minimized considerably, since,
by improving the flocculation process in a simple manner by
using the degassing energy, the operator of an installation is

no longer inclined to over-dose.

In fact, results are obtained on the treatment lines which make

it possible to save up to 30% of the flocculant.

“Semi-continuous” means by successive Dbatches, which are

substituted for one another instantly, or substantially without
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stopping, in order to permit the continuous or semi-continuous

treatment, thus making possible an excellent pace.

At the end of the chain, the matured floc which is obtained is
favorable for the extraction of the solid materials by scraping

or another type of separation obtained of the released water.

In the case where the soft impact of the floc on itself is
created by exiting of the floc wvertically or substantially
vertically in the form of a fountain (or a jet) into a container
which is open to atmospheric pressure, gentle degassing of this
type permits an excellent way of putting floc into contact with
the air. There is no breakage of the floc, which has the effect
of avoiding excess consumption of polymer, and thus the

sustained release of polymer into the filtrate.

In addition, the energy of the jets of sludge emitted into the
empty upper volume of the container which 1s open to the
atmosphere permits better incorporation of the flocculant into
the sludge (which makes 1t possible to accelerate the

flocculation).

Also advantageously, the upper neck for ejection of the sludge
in the form of a fountain into the container is designed to
provide a volume of sludge in the low part of said container
situated below said neck, such as to make possible an optimized
determined time which is sufficient to mix the sludge and the

flocculant.

For this purpose, the height of the neck relative to the base

of the container is greater than, or equal to, 30 cm for example.

According to the other embodiment of the invention, the soft
impact is created by introduction or exiting of the floc into
or from an intermediate chamber comprising a braking wall,

and/or an area for braking of the flow.
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Advantageously and for this purpose, the floc is introduced into
an enclosure for passage of the floc which is open to the
atmosphere (for degassing), which enclosure is provided with an
intermediate chamber comprising a wall forming the braking
shutter, for example a flexible wall, situated in the passage

of the flow, and/or facing the introduction of said floc.

Advantageously, the braking wall is a convex semi-cylindrical
wall with an axis perpendicular to the flow, and thus the top

(or outer generatrix) is directed towards the flow.

In this case also, the container is designed to provide a volume
of sludge in the low part of the container, such as to permit
an optimized time sufficient for maturing of the floc, i.e. for
constitution of a floc (mixture of the sludge and flocculant)

which is homogenous and degassed.

Also advantageously, the enclosure comprises a transverse wall
of the enclosure which is open in the low part, thus allowing
the flocculated emulsion to be distributed at an even speed,

which wall can, or need not, also act as the braking wall.

According to another embodiment, the wall or braking shutter is
situated at the front of a chamber for output of the degassed
flow.

According to advantageous embodiments, one and/or the other of
the following provisions is also and/or additionally applied:
- the flocculant is introduced into the three-phase emulsion

after creation of a loss of load in the emulsion by contraction.

The contraction 1s for example carried out by a piping
irregularity formed by a venturi or a pinch valve;

- with the sludge being supplied continuously at flow rate Q
(m3/h), the emulsion is created by impact of the sludge with the
alr injected into the sludge at a flow rate g (Nm3/h), such that
q 2 30 in a first area of flow of the sludge;
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- the first area is a small wvolume which in particular is
confined between two lateral walls (as in a venturi or a piping
restriction for example), and is for example smaller than 0.005
m®*, for example contained between 10 cm3 and 200 cm3, such that
the mixture of the flows of air and sludge has a speed of at
least 10 m/S.

The particularly reduced size of the area of injection (for

example 50 cm3) will permit excellent mixing of the sludge/air.

In fact, in this location, there is a high-speed area, giving
rise to kinetic impacts, which allows the air bubbles to
penetrate the bacterial floc;

- the emulsion is then passed into an enclosure with a small
volume (volume smaller than 200 1) before said creation of loss

of load by contraction.

It should be noted that the first area and the enclosure can
also be separated by a restriction (a venturi and/or an orifice)
forming the two areas in two separate chambers;

- the enclosure is tubular, with a mean diameter of passage
contained between 10 mm and 50 mm;

- the enclosure is a column with a mean diameter d and a
height H 2 50 d (for example 10 d), the sludge being introduced
into the low part of the column in the gaseous bed created by
the air injected at the level of said supply of sludge (for
example above or below);

- the flocculant is a polymer which is injected at the
immediate output of the container, before putting into the
atmosphere. It is for example an organic flocculant of the
cationic type;

- the floc is concentrated after degassing in the filtration
and/or decantation device by flotation/settling of the
flocculated emulsion in a volume acting as a concentrator, with
the concentrated sludge being discharged continuously, for

example by means of overflow.
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Advantageously, by clogging to a greater or lesser extent the
surface of the volume, it is possible (according to the flow
rates of air and sludge used) to regulate the thickness of the
floating layer, which can then and additionally settle as a
result of its weight, making it possible to obtain
concentrations of 100 to 120 g/l of MS, in the knowledge that
the quality and transparency of the water obtained below the
flocculated sludge continues to be exceptional (DCO lower than
200 mg/1l, or even 100 mg/l in the case of biological sludges);

- the volume is cylindrical;

- the volume is formed by a parallelepiped horizontal vat;

- complementary treatment of the floc 1s carried out
downstream from the degassing by filtration and/or pressing of
the floc;

- the complementary treatment comprises the passage of the
floc on to a rotary screening drum;

- the treatment additionally comprises supplementary
pressing, for example by means of a pressing plate, with pressure
contained between 10 kg and 40 kg, for example 25 kg, which
makes it possible to obtain a concentration of solid material
which is further improved, and can be as much as 90 g per liter.

- the air is injected in the direction of the flow of sludge.

The invention also proposes a device which implements the method

as described above.

It also proposes a device for treatment and/or dehydration of

liguid organic sludges according to Claim 18.

Advantageously, the wall is flexible and/or curved (for example
with a radius of curvature of a plurality of centimeters, for
example contained between 5 cm and 100 cm), with a top which is

directed towards the flow.

According to an advantageous embodiment, the device comprises
means for creation of a loss of load in the emulsion by

contraction before injection of the flocculant.
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The contraction 1s for example carried out by a piping
irregularity formed by a venturi or a valve, for example a pinch

valve or a flap valve.

Advantageously, the device comprises means for recuperation of

the matured floc in a device for separation by flotation.

According to advantageous embodiments of the device, one and/or
the other of the following provisions is also and/or
additionally applied:

- with the sludge being supplied continuously at a flow rate
Q (m3/h), the device comprises a first area of flow of the sludge
in which the emulsion is created by impact of the sludge with
the air injected into the sludge at a flow rate g (Nm3/h);

- the first area is a small wvolume which in particular is
confined between two lateral walls (as in a venturi or a piping
restriction for example), and is for example smaller than 0.005
m®*, for example contained between 10 cm3 and 200 cm3;

- the device comprises an enclosure in line contained between
said first area where the emulsion 1is created and the
contraction. The emulsion obtained thus passes 1into the
enclosure with a small volume before contraction and
flocculation. It should be noted that the first area and the
enclosure can also be separated by a restriction (a wventuri
and/or an orifice) forming the two areas in two separate
chambers. “Small volume” means a few tens of liters, i.e. less
than 100 1;

- the enclosure is a column with a mean diameter d and a
height H 2 3 d, the sludge being introduced into the low part
of the column in the gaseous bed created by the air injected at
the level of said supply of sludge (for example above or below);
- the enclosure is tubular, with a mean cross-section of
passage contained between 20 cm and 80 cm;

- the means for filtration and/or decantation comprise a
concentrator of sludge by flotation/settling of the flocculated
emulsion in a volume acting as a concentrator, and means for
continuous discharge of the concentrated sludge by gravity, for

example by means of overflow;
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- the volume is cylindrical;

- the volume is formed by a parallelepiped horizontal wvat;

- the device comprises means for complementary treatment of
the floc downstream from the means for degassing by filtration
and/or pressing;

- the complementary treatment means comprise a rotary
screening drum;

- they additionally comprise a supplementary plate for

pressing the floc on the drum.

The invention will be better understood by reading the following
description of embodiments provided hereinafter by way of non-
limiting example. The description refers to the drawings which

accompany it, in which:

Figure 1 1is a diagram illustrating a first embodiment of the

method according to the invention.

Figure 2 1illustrates schematically in cross-section the
degasser/maturing vessel of the device according to the
embodiment of the invention which is more particularly described

here.

Figures 2 and 2A are views from the front and in cross-section
along IIA-IIA of an embodiment of the degasser/maturing vessel

of the device of the type described with reference to figure 2.

Views 3 and 3A are views from above and in cross-section along
IITA - IIIA of another embodiment of the degasser/maturing

vessel with a braking wall.

Figure 3B is a schematic view of a variant embodiment of the

degasser/maturing vessel with a braking wall.

Figure 4 shows schematically another embodiment of the device

according to the invention with a concentrator.
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Figure 5 shows schematically another embodiment of the device

according to the invention with a rotary drum concentrator.

Figures 6, 7, and 8 are views in perspective, from above and in
cross-section, along VIII-VIII of the concentrator with a drum

in figure 5.

Figure 1 shows schematically the functioning of the sludge
treatment method according to a first embodiment of the

invention.

The sludge 1 is introduced continuously into the device 2 at
flow rate Q (m3/h) contained for example between 10 and 50 m3/h,
but greater flow rates can be provided, such as, for example,
100 m3/h.

More specifically, the sludge is for example pumped from a tank
(not represented) and supplies a first part 3 of a circuit, for
example formed by piping 4, for example with a nominal inner
diameter of between 5 and 15 cm, which piping is straight or
substantially straight, for example horizontal, and is several

meters long, at a pressure for example of 1 to 3 bars relative.

Means 5 for injection of air 6 (for example a compressor) at a
determined pressure, for example contained between 0.2 bar and
2 bars above the supply pressure of the sludge, and at a flow
rate of g’ (Nm3/h), for example of 50 Nm3/h (advantageously q’

2 2Q), are provided in a first area 7 of the piping.

"Nm3/h” (normal cubic meters per hour) means a start at normal

conditions, i.e. for example 15°C at atmospheric pressure.

The injection is advantageously carried out in the direction of
the flow of sludge, which makes 1t possible to increase the
speed of the three-phase emulsion 8 consisting of air, solid

materials, and water obtained downstream.
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In the embodiment represented in figure 1, the first area 7 1is
for example a piping part with the same diameter as the remainder

of the piping 4.

However, advantageously, the first area 7 can have a smaller
cross—-section than the remainder of the piping, and is for
example formed by the central part of a venturi (from 1 to 10
cm in length for example), or more generally by a portion with
a smaller diameter forming a restriction of the piping, for
example with a diameter which is two to ten times smaller than

that of the remainder of said piping.

The particularly reduced size of the volume of the injection
area (for example less than 1 liter) will make possible an

excellent mixture of sludge/air.

In fact, in this location, there is a high-speed area, giving
rise to kinetic impacts, which allows the sludge to burst in the

gas.

The three-phase emulsion 8 consisting of air, (substantially
organic) solid material and water thus obtained then passes into
a second area 9 of the circuit, formed for example by piping
which extends along a certain length 1L (for example of a few
centimeters to 1 or 2 meters), before a restriction 10, of the

same type as the first area which has just been described.

As will be seen hereinafter with reference to figure 4, the
second area can also be formed at least partly by an enclosure.
The emulsion 8 in said second area, downstream from the first
area and before the restriction 10 (which can be formed by a
valve with wvariable opening) is thus formed by a multitude of

droplets of sludge in a current of air.

In the mode described here, a determined loss of load is thus
created in the emulsion by contraction, in, and/or at the output
from, the second area, thanks to the restriction 10, which

assists further the mixing of sludge/air of the emulsion.



10

15

20

25

30

35

DK/EP 3802441 T3

At 11 there is then introduction (for example via a pump, in a
manner which in itself is known) into a third area formed by the
continuation 12 of the piping, of a flocculant 13, for example
an organic flocculant, for example a polymer of the cationic
type, in order to create a floc 14 comprising flakes 15 of
particles of sludge aggregated in a current of air 16, and/or

mixed with a large number of bubbles of air.

At this stage, the flocculated emulsion is highly energetic,
since it 1s formed in a restricted space formed by the
continuation of the preceding piping, or by new piping 15
conveying the floc, as a result of the large quantity of air,
at a flow rate which continues to be high despite the losses of

load upstream.

In fact, the flow rate observed is substantially equal to Q +
g, with a zrisk of destruction of the floc which increases
together with the length of this second piping, which thus
advantageously has a reduced length, for example of less than 1

m, and without irregularities (bends).

According to the embodiment of the invention which is more
particularly described here, the floc or flocculated emulsion
is then introduced into a degassing vessel or container 17, from
the bottom 18, via an elbowed piping part 19 which is designed
to eject the floc in the form of a fountain into the container,
or in vertical jets 20 which fall back as precipitation (arrows
21) onto the flakes 22 already discharged by this means, thus
creating a soft impact of the flocculated emulsion or floc onto
itself.

By this means, a large part of the air which played both a role
of dynamic driving of the flow of sludge, and a role of aeration
thereof, is suddenly discharged by natural degassing, and forced
into the high part 23 of the container 17, which is open at 24

to the atmosphere.
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The soft impact for its part makes possible a type of natural
and gentle agitation of the floc, permitting sufficient
degassing without damaging the flakes, which remain light, and
suitable for good dehydration by means of the flow of water

released.

The respective dimensions of the height H of sludge in the
container, of width and/or dimensions of the container/degasser
17, and of the discharge output 25 in the low part of the
container (by gravity) to a device for separation by flotation
(not represented), are designed to permit good maturation of the
sludge thus flocculated.

“Good maturation” means stable and strong fixation of the
polymer molecules on the bacterial floc, such as to establish a
compact organic macrostructure which can be separated from the

water released.

Figure 2 shows schematically in cross-section a degasser 26

according to an embodiment of the invention.

The degasser comprises a container 27, which for example 1is

cylindrical, and has a height substantially equal to 1 m.

The diameter of the container is contained for example between
200 and 300 millimeters.

The sludge is supplied at 28 by piping with a diameter of for
example 80 mm, which penetrates into the low part 29 of the
container, then has a bend 30 at 90°, and a cylindrical vertical

part 31 with a diameter for example of 100.

The cylindrical vertical part 31 ends in an neck 32 for output

of the sludge in the form of a fountain.

The container defines an inner volume V 1nto which the

cylindrical piping 31 opens.
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The volume has a base 32 provided with output piping 33 with a
diameter identical to that of the input piping for the

flocculated emulsion.

Advantageously, a branch 34 is provided for complementary
degassing of the floc after passage into the container, in the
high part of the discharge piping, said high part 35’ being at

a height lower than the level of the sludge in the container.

The height of the high part 35’ is designed to be the same as,
or slightly lower than, that of the neck, relative to the base
of the volume V, in order to permit a determined duration of

stay/maturation of the floc in the degasser, for example 20 s.

The volume V ends in the high part in an opening 35 for output
to the atmosphere, which opening is advantageously protected by
an overlay 36 for blocking of sprays of sludge. In the embodiment
as described, and with the input/output dimensions of the
different supply piping of DN 80 mm, the height H of the floc
which permits maturation thereof, i.e. between the base of the
container and the periphery of the neck of the cylindrical
vertical part 31, is for example contained between 400 and 600

mm, for example 500 mm.

Hereinafter in the description, identical reference numbers will

be used to designate elements which are identical or similar.

Figures 2 and 2A represent another embodiment of a degasser
according to the invention which permits degassing of the floc

by means of soft impact of the floc onto itself.

The degasser can be contained in a parallelepiped measuring 1.50
mX 1 mX 600 mm, for treatment of sludge supplied continuously
at a flow rate of 20 m3, using piping and/or commercially
available sheets of plastic material or steel, which is highly

advantageous.
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In fact, compared with simple degassing by putting into the
atmosphere, or also in comparison with a degasser using
mechanical agitation to detach the air from the flakes, an
improvement 1n the flocculation time 1s obtained without
destruction of the flakes, which can be as much as 20%, or even

50%, whilst producing a floc which is more stable than usual.

Thus, and for example, with a device of the type described with
reference to figure 2, with a maximum useful volume of 641
(square base of 400 mm x 400 mm) an intake bend of DN 120 mm,
and operation between 5 and 12 m3/h (with an air flow rate of
30 Nm3/h), a better floc is obtained, which is very consistent
and floating, as well as being obtained more rapidly than with
the prior art. This is apparent in particular from table I below,
which also specifies the conditions of height of fall of the

fountain H (on which the soft impact is dependent).

TABLE T

Flow ratelUseful volume (1)[Elevation of the

M3/h and useful durationjfountain relative to
of stay (s) the base

(H)

5 58 / 42 35 to 40

5 58 / 42 35 to 40

5 58 / 42 35 to 40

10 60 / 22 40 to 45

10 60 / 22 40 to 45

10 60 / 22 40 to 45

12 62 / 19 45 to 50

12 62 / 19 45 to 50

12 62 / 19 45 to 50

Figures 3 and 3A show, in a view from above and in cross-section
along IIIA - TIIIA, an example of a maturation degasser 37
according to another embodiment of the invention, comprising an

enclosure E, which for example has a parallelepiped form with
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cut-off corners C, disposed horizontally relative to the intake
of the flow of flocculant F, for example with dimensions of W x
L x H: 300 x 400 x 300, for a treatment flow rate of 10-13 M3/h,
an MS of 8 to 10 g/1 and a Veff of 30 liters.

The Veff: (effective volume) is a volume of sludge/water at the
input of the demodulator which makes it possible to absorb the
energy necessary for the propagation and maturation of the

emulsion.

This volume varies according to the different dimensions.

The volume is approximately, and for example, 30-40 liters.

The enclosure E comprises an input for the flow which opens into
a chamber of passage 38, which is for example cylindrical, with
a portion of cylinder 38’ which is open in the low part along
the entire length of the chamber (for example 200 mm in the
numerical example above, and is provided at 1its end 1in the
horizontal direction with a wall 39 which can brake the floc,
or, when the wall is flexible, it can move towards the interior

39’ under the gentle pressure of the floc F.

At the top, the enclosure comprises a tube T for discharge of
the degasser air, and an output orifice S at the other end. The
enclosure E can, or need not have, for example at 2/3 along its
length, an intermediate distribution wall P, which permits

discharge of the floc into the low part, via a widened slot Z.

A wall of this type either permits braking of the floc directly,

or reinforces the homogeneity of the emulsion.

Figure 3B represents a longitudinal wvariant of the maturation

degasser 37’ according to another embodiment of the invention.

Although in the case of use of a degasser in combination with
flotation equipment as described hereinafter, the inner wall

which is designed to damp the impact of the mixture can
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advantageously be made of rubber or another soft material, and
in the case of use with a strip filter, as a complementary
treatment, use will be made for example of a more rigid wall,
for example with a form which is more or less convex, which can
break the floc produced slightly, but not entirely, simply
reducing the size of the floc and thus making it more

compressible.

More specifically, the wvariant in figure 3B shows an intake A
for the emulsion and excess gas into an area B of the enclosure
37’ which is filled with sludge X in the low part and gas in the
high part.

The area B is closed by a wall T which damps the energy of the
flow, which wall 1is flexible or hard (and advantageously

convex) .

The excess gas 1is extracted from the gaseous ceiling by a
vent/outlet D.

The extraction of the liquid flow under poured by the wall T is
carried out by the area G, which provides a calm, laminar flow,
at for example less than 1 m/s, thus allowing the porous floc

to be put into suspension.

For 20 to 23 m®/h of sludge charged between 10 and 30 g/l and
with up to 100 Nm3/h of air added in order to form the emulsion,
the enclosure has for example dimensions of W x L x H = 500 x
200 x 250, with penetration into the enclosure by the output
tube of 130 mm and an absorbent height of wall of 160 cm.

Figure 4 shows another embodiment of the device 40 according to

the invention.

The liquid organic sludges 41 are introduced via a supply pump
42 and piping 43 towards a restriction 44, which for example is
formed by a venturi in a tubular enclosure 45, for example with

a height of 1 m and a diameter of 50 cm.
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A compressor 46 supplies the interior of the venturi 44 with
compressed air 47, tilted for example by an angle of 30° in the
direction of the fluid, in order to form an emulsion 48 or a

three-phase sludge, air, water mixture.

The tubular enclosure is for example maintained at a pressure

of approximately 1.2 to 2 bars relative.

This can take place by means of a regulated valve 49 according
to the internal pressure of the enclosure. This wvalve 49
constitutes a restriction, downstream from which a flocculant
50 is supplied via a supply dosing device 51, which in itself

is known.

Downstream from the supply of flocculant, the emulsion 51 thus
flocculated supplies the degasser 52 according to the embodiment

of the invention more particularly described here.

The degasser for the flocculated emulsion or floc is open to
atmospheric pressure at 53, and comprises a vertical tube 54 to
supply floc in the form of a fountain, thus permitting a soft
impact of the floc on itself, which makes possible a given and

non-destructive degassing of the flocculated emulsion.

The sludge remains for a determined time in the interior of the
degasser, for example approximately 1 to 5 minutes, and is then
discharged by gravity via piping 55 towards a concentrator

apparatus 56.

The degassed emulsion 57 thus arrives in the low intermediate
part 58 of the appliance, and is immediately separated into
solid material 59, which rises to the surface, and into
transparent water 60, which is discharged continuously at 61 by

gravity.

The solid material 59 is discharged in the high part of the

concentrator/flotation equipment 56, for example via a chute 62,
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which permits the discharge of the dehydrated sludge (solid
material) by gravity onto a perforated belt 63, thus permitting
additional filtering of the residual water (arrows 64) which is
recuperated in order to be mixed with the released water obtained
at o6l.

Advantageously, pressure P is exerted on the sludge, in a manner
which in itself is known, making it possible to increase further
the dehydration and thickening of the sludge obtained at the

output from the device.

The thickened and dehydrated sludge 65 is then recuperated
downstream from the belt. This makes it possible to constitute
a heap of thickened sludge which is particularly favorable for
constitution in the form of dried pellets which can be sold as

such.

With the invention, a phenomenon of immediate flotation takes
place in the concentrator apparatus 56, with a rising speed in
the flake apparatus which is greater than the speeds previously
observed, i.e. 20 m/h, 50 m/h, or even 100 m/h.

Figure 5 shows another schematic embodiment of a device 66

according to the invention.

This device comprises a system for production of the three-phase
emulsion 67, comprising an air supply 68 which is injected into
a sludge supply 69, which itself is introduced into a small
enclosure 70 ending in the high part in a restriction 71 for
supply at 72, after injection of a flocculant Y, to the degasser
26 in figure 2.

As has been seen, this degasser also acts as a maturing vessel

for the flocculated sludge obtained in the device.

This flocculated sludge which remains in the interior of the

degasser for a determined time, for example 20 s, 1s then
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supplied via a bend 73 forming a hydraulic guard, to a

concentrator apparatus 74.

This apparatus comprises a substantially parallelepiped housing
75 for receipt of the flocculated sludge degassed in the median
or low intermediate part 76 thereof (for example by means of a

branch situated halfway up the height).

The solid part 77 1is separated immediately or wvirtually
instantaneously (less than a second) (arrows 78) from the
transparent water 79, which is extracted in the low part 80 of

the housing, which for example is in the form of a funnel.

The solid part 77, for its part, is driven into the high part
by a cylindrical drum 81 actuated for example by means of an
electric motor at a speed of rotation of a few revolutions per

minute.

A plate 82 with a form complementary to the cylindrical
peripheral surface of the drum is provided, and exerts a pressure
P on the flocculated rotated sludge, for example of 25 kg, which
increases further the level of dryness of the solid materials
obtained at 83.

Thanks to the invention, it is thus possible to obtain distinctly
better results than with a conventional cyclonic degasser, as

is shown in the preceding table T.

With reference to figures 6 to 8, a more detailed description

will now be provided of the concentrator 74.

The concentrator is formed by a substantially parallelepiped
housing 75 which for example is contained in a parallelepiped
of 1 m x 1.5 m x 1.5 m, in order for example to treat a flow
rate of 20 m3/h of sludge.

Halfway up its height, the housing comprises a branch 84 for

supply with flocculated degassed sludge 85, which will supply
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the concentrator 74 with sludge, below the surface 86, which is
situated at a substantially constant height in the housing, for
separation of the solid material 77 and liquid 79, which takes
place virtually instantaneously because of the high rising speed
of the sludge in the housing 75 of the flotation/separation

device 74.

The organic materials 77 which are situated in the high part of
the housing are driven by the outer surface 87 of the rotary
drum 81, which surface is formed by a porous grid 88, rotated

by a rotary motor M around a horizontal axis.

This effect of driving of the materials which are spread on the
drum makes it possible to extract a constant flow rate of sludge,
whilst permitting supplementary extraction of the water through
the perforated drum (arrows 89), with the surplus water
extracted then rejoining the lower part 80 of the housing, for
example in the form of a recuperation tank with walls 90 which

are inclined downwards.

The released water 79, for its part, 1is extracted via a branch
91 situated on the same side as the branch 84 for introduction

of the flocculated degassed sludge.

Advantageously, in addition, a pressing plate 82 is provided,
with pressing means 92 which for example are constituted, in a
manner which in itself is known, by hydraulic or electrical

Jacks 93.

Thus, when the initial sludge has for example a concentration
of dry material contained between 5 and 10 grams per liter, the
sludge 77 subjected to flotation has a concentration of between
30 and 50 g/1 (of dry material).

It can be observed that, unexpectedly, when pressing with the
plate 92 on the filtering medium takes place with a cut-off
threshold of between 500 and 1,000 micrometers, the

concentration will rise to 80, 90, or even 100 g/l1, with the
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treatment upstream with the degasser having visibly given rise

to a sludge constitution which permits a result of this type.

The pressure P which is exerted on the sludge must be sufficient
to assist further with the extraction, without however crushing

the particular porous structure of the sludge obtained.

For this purpose, the sludge is dosed and regulated according
to the flow rates treated (and thus the height of the layer of
sludge which is spread on the upper face of the drum), in a

manner known to persons skilled in the art.

With reference to figure 4, a description will now be provided
of implementation of the method according to the invention which

is more particularly described here.

The sludge 41 is supplied with a continuous flow rate by pumping
at a flow rate Q, for example of 20 m3/h, in a pipe with a
diameter for example of DN 50, and a length L equal to a few
meters. Simultaneously, there is continuous injection of a large
flow rate of air, for example 60 Nm3/h, into the wventuri 44,
thus creating the three-phase emulsion, which then penetrates
into the enclosure 45 with excess pressure. The emulsion then
passes via the restriction 49, for example a valve, giving rise

to a new pressure/depression impact.

A flocculant, at the level of treatment necessary, 1is then

introduced in order to create the highly aerated floc.

This floc opens out in the form of precipitation into the

degassing container 52.

The soft impact of the floc on itself permits good degassing
without damaging the floc, which, taking into account the
dimensions of the elbowed tube, the volume V and the flow rates,
requires only a few seconds (to a few minutes) in the container

before being discharged, thus generating excellent maturation.
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The matured floc is then transferred by gravity to the separator
flotation eguipment 56 in which the floc 1rises almost
instantaneously to the surface of the water released (after a
few seconds), leaving a flotation line which is nearly defined.

The very clear water released is discharged downwards.

The (solid) floc for its part is discharged via the top by means
of overflow and driving by gravity, or by means of a drum as
described with reference to figure 5, in order to be pressed in

a complementary manner, then discharged (heap of floc 65).

As will be appreciated, and as 1is also apparent from the
foregoing description, the invention is not limited to the
embodiments more particularly described. On the contrary it
incorporates all the variants, and in particular those where all
of the device is mobile, for example by being fitted on a trailer
of a truck, taking into account its great compactness. This
makes it possible to transfer the device from one site to another

according to requirements.
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Patentkrav

1. Fremgangsmade til kontinuerlig eller halvkontinuerlig
behandling/dehydrering af organisk slam (1, 41, 69), hvorved en
trefaset emulsion af luft, fast stof og vand fremstilles ved at
indsprejte luft (6, 47, 68) i slammet, et flokkuleringsmiddel
(13, 50, F) indfgres i emulsionen for at frembringe en flok (14,
51), flokken derefter afgasses ved atmosferisk tryk, og den
saledes modnede flok genvindes i en filtrerings- og/eller
dekanteringsanordning (56, 74), kendetegnet ved, at der for
genvinding af flokken foretages afgasning og flokkulering for
at opna den saledes modnede flok ved at anvende den kinetiske
energili fra afgasningen som kinetisk modningsenergi, hvilken
afgasning opnas ved at udtage flokken lodret eller i det
vesentlige lodret i form af en fontane (20) (eller en strale) i
en aben beholder (24, 53) ved atmosferisk tryk eller ved at
indfere flokken 1 et mellemkammer, der omfatter en vag, som

danner en klap (39, C), der bremser flokken.

2. Fremgangsmade ifelge krav 1, kendetegnet ved, at den gvre
hals til udstedning af slammet i form af en fontane i beholderen
er beregnet til at tilvejebringe et volumen af slam i den nedre
del af Dbeholderen, der befinder sig under halsen, for at
muliggere en bestemt optimeret og tilstrakkelig tid til modning
af flokken.

3. Fremgangsmade 1ifelge krav 1, kendetegnet wved, at veaggen
(39) er fleksibel.

4. Fremgangsmade i1ifeolge et hvilket som helst af de foregaende
krav, kendetegnet wved, at flokkuleringsmidlet (13, 50, F)
indferes 1 den trefasede emulsion efter frembringelse af et

trykfald (10, 49, 71) ved krympning i1 emulsionen.

5. Fremgangsmade i1ifeolge et hvilket som helst af de foregaende
krav, kendetegnet ved, at slammet tilfores kontinuerligt med en
stromningshastighed QO (m3/t), emulsionen frembringes ved slag af

slammet med luft, der spreojtes ind i slammet med en
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stremningshastighed g (Nm3/t), saledes at g > 3Q 1 et forste

omrade (7, 44) til stremning af slammet.

6. Fremgangsmade ifelge krav 5, kendetegnet ved, at det fgorste
omrade (44) er et lille volumen, der isar er indesparret mellem

to sidevagge, pa mindre end 0,005 m3.

7. Fremgangsmade ifeolge et hvilket som helst af de foregaende
krav, kendetegnet ved, at emulsionen derefter fores gennem en
lukket beholder (45, 70) med et 1lille volumen pa mindre end 100
1, inden trykfaldet ved krympning skabes.

8. Fremgangsmade ifeolge et hvilket som helst af de foregaende
krav, kendetegnet ved, at den lukkede beholder (45) er rgrformet
med et gennemsnitligt gennemlgbstvaersnit pa mellem 20 cm og 80

cm.

9. Fremgangsmade ifglge krav 7 og 8, kendetegnet wved, at den
lukkede beholder (45) er en segjle med en gennemsnitlig diameter
d og hejde H > 3 d, idet slammet indfgres i den nedre del af
sgjlen i det gasleje, som skabes af den luft, der sprejtes ind

ved slamtilforslen.

10. Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at flokkuleringsmidlet (13, 50, F) er en
polymer, der spreojtes ind ved det umiddelbare udleb af

beholderen forud for frigivelse til atmosfearen.

11. Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at flokken efter afgasning koncentreres
i filtrerings- og/eller dekanteringsanordningen ved
flotation/komprimering af den flokkulerede emulsion i et volumen
(56, 74), der fungerer som koncentrator, idet det koncentrerede

slam udledes kontinuerligt.

12. Fremgangsmade ifglge krav 11, kendetegnet ved, at volumenet

er cylindrisk.
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_27_
13. Fremgangsmade ifglge krav 12, kendetegnet ved, at volumenet
udgores at en vandret tank, som har formen af et
parallelepipedum.
14. Fremgangsmade ifwlge et hvilket som helst af de foregaende

krav, kendetegnet ved, at der udfores en supplerende behandling
af flokken nedstreoms for afgasningen ved filtrering og/eller

presning af flokken.

15. Fremgangsmade ifwlge krav 14, kendetegnet ved, at den
supplerende behandling omfatter passage af flokken over en

roterende sigtetromle (81).

l6. Fremgangsmade 1ifelge krav 15, kendetegnet wved, at
behandlingen vydermere omfatter en vyderligere presning (P) med

et tryk pa mellem 10 kg og 40 kg.

17. Fremgangsmade ifwlge et hvilket som helst af de foregaende
krav, kendetegnet ved, at luften spreojtes ind 1 retningen af

slamstremmen.

18. Indretning (2, 40, 66) til behandling og/eller dehydrering
af organisk flydende slam (1, 41, 69), hvilken indretning
omfatter midler (42) til kontinuerlig tilfersel af slam med en
forste stremningshastighed g (m3/t), midler (46) til tilfeorsel
af luft med en hastighed Q' (Nm3/t) ind 1 slammet for at danne en
emulsion (8), midler til tilfgrsel af flokkuleringsmiddel (13)
ind i emulsionen for at danne en flok (14, 51) og midler (56,
74) til filtrering og/eller dekantering af flokken, der er
beregnet til at adskille den flydende del (60, 79) fra
materialerne (59, 77) i suspension og genvinde den
kontinuerligt, kendetegnet ved, at den omfatter afgasningsmidler
(17, 26, 37, 37', 52) til afgasning og flokkulering af flokken
ved atmosfaerisk tryk, der omfatter en beholder (17, 27, E, 37,
37'), som er aben for atmosfaerisk trvyk, og en tilfersel (19, 54)
af flokken ved at udtage flokken lodret eller 1 det vasentlige
lodret 1 form af en fontaene 1 den beholder, der er aben for

atmosferisk tryk, eller ved, at afgasningsmidlerne (37, 37")
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omfatter en lukket beholder (E) til gennemlgb af flokken, som
er forsynet med et kammer til indfering eller mellemudtagning
(38, 38'"), der omfatter en bremsevaeg (39, T) til bremsning af

strommen.

19. Anordning ifelge krav 18, kendetegnet ved, at bremsevaggen
(39, T) er fleksibel.

20. 1Indretning ifeglge et hvilket som helst af kravene 18 og 19,
kendetegnet ved, at den omfatter midler (10, 49, 71) til
frembringelse af et trykfald i emulsionen ved krympning, inden

flokkuleringsmidlet spregjtes ind.

21. Indretning ifelge et hvilket som helst af kravene 18 til
20, kendetegnet ved, at slammet tilferes kontinuerligt med en
stremningshastighed QO (m?/t), idet indretningen omfatter et
forste omrade (7, 44) til stremning af slammet, hvori emulsionen
frembringes ved at fa slammet til at stede sammen med luft, der

sprojtes ind i slammet med en streomningshastighed g (Nm3/t).

22. Indretning ifelge krav 21, kendetegnet ved, at det forste
omrade (44) er et lille volumen, der isar er indesparret mellem
to sidevagge som 1 et venturirer eller en rerindsnavring, som

er mindre end 0,005 m3.

23. Indretning ifelge et hvilket som helst af kravene 18 til
22, kendetegnet ved, at filtrerings- og/eller
dekanteringsmidlerne omfatter en lukket beholder (45, 70) pa en
linje mellem det forste omrade, hvor emulsionen frembringes, og

indsnavringen.

24. Indretning ifwlge kravene 18 til 22, kendetegnet wved, at
den lukkede beholder (45, 70) er en sojle med en gennemsnitlig
diameter d og hgjde H 2 5 d, idet slammet indfgres i den nedre
del af seojlen 1 det gasleje, som skabes af den 1luft, der

indsprojtes ved slamtilferslen (for eksempel over eller under).
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25. Indretning ifelge krav 24, kendetegnet ved, at den lukkede
beholder (45, 70) er rogrformet med et gennemsnitligt

gennemlgbstversnit pa mellem 20 cm og 80 cm.

26. Anordning ifglge et hvilket som helst af kravene 18 til 25,
kendetegnet ved, at den omfatter en slamkoncentrator (56, 74)
ved flotation/komprimering af den flokkulerede emulsion 1 et
volumen, der fungerer som en koncentrator, og midler til
kontinuerligt udledning af det koncentrerede slam ved overlob

ved hjalp af tyngdekraften

27. Indretning ifelge et hvilket som helst af kravene 18 til
26, kendetegnet ved, at den omfatter midler (74) til yderligere
behandling af flokken nedstrems for midlerne til afgasning ved

filtrering og/eller presning.

28. Indretning ifelge krav 27, kendetegnet ved, at midlerne
(74) til supplerende behandling omfatter en roterende

sigtetromle (81).

29. Anordning ifelge krav 28, kendetegnet wved, at de
supplerende behandlingsmidler ydermere omfatter en vyderligere

plade (82) til presning af flokken pa tromlen (81).
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