4]
w

10

15

20

25

30

35

WO 96/32177 PCT/NL96/00156

Short title:

Settling device for a fluid containing liquid, gas and
particulate material, as well as a cleaning device provided here-
with and a method for cleaning waste water.

Description:

The present invention relates to a settling device for a fluid

containing liquid, gas and particulate material, comprising:

- a settling chamber which is to be filled with this fluid and in

' which there is fitted, for the trapping of gas bubbles, at least

one cap having a ridge situated opposite a downwardly directed
open side,

- liquid-discharge means fitted close to the water level of the
fluid,

- supply means for supplying the fluid at the bottom of the
settling chamber, and

- gas-discharge means for discharging from the settling chamber ges
which has been trapped beneath the cap.

A settling device of this kind is known from EP-A1-0,244,029 and
EP-A1-0,193,999. These publications describe caps which are fitted
horizontally in overlapping connection and which are fitted to limit
the top edge of a fermentation chamber so as to form a settling
chamber above it. The caps trap gas bubbles rising from the fermenta-
tion chamber, whilst transfer of remaining fluid in the upward di-
rection between the caps is permitted. The trapping of gas bubbles
ensures that the fluid in the settling chamber is relatively still
relative i:o the fluid in the fermentation chamber, the latter fluid
being in a state of motion as a result of the rising gas bubbles. The
fact that the fluid present in the settling chamber is relatively
still means that particles which are present therein and have been
carried along from the fermentation chamber are able to settle, these
particles being able to fall back between the caps to the fermentation
chamber. The settling devices known from these publications have the
drawback, however, that, when major turbulences occur, bubbles can
easily be passed between the caps and then make their way into the
settling chamber, thereby having an adverse effect upon the settling
in the settling chamber. Smaller gas bubbles, in particular, will slip
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through easily between the caps.

The object of the present invention is, inter alia, to eliminate
the abovementioned drawbacks.

The primary object of the present invention is to provide a

5 settling device in whi_ch a liquid, gas and particulate material can be
separated, such that at the top of the settling device a liquid is
collected which is largely free from particulate material and also,
preferably, gas.

This object is achieved according to the invention by the fact

10 that the at least one cap is disposed with its longitudinal axis at an
angle to the water level, such that fluid supplied at the bottom of
the settling chamber flows cobliquely up, forced along the bottom of
the at least one cap, whilst gas bubbles contained therein collect in
the ridge of the at least one cap, and by the fact that the gas-dis-

15 charge means trap below the water level the gas collected in the ridge
of the at least one cap.

Since fluid is supplied at the bottom of the settling chamber and
liquid is discharged at the top of the settling chamber, an upward
flow of fluid will be generated in the settling chamber. The obliquely

20 placed caps ensure that this upward flow follows an oblique course.
During this oblique upward flow of fluid, the gas bubbles present
therein will rise, as a result of their climbing capacity, more steep-
ly than the rest of the fluid and will finally come into contact with
the obliqguely placed cap. The obliquely placed cap subsequently

25 permits a further upward gas flow in the direction of the ridge of the
cap. As the fluid flows obliquely upward, the gas bubbles contained
therein are thus collected in the ridge of the cap. By trapping the
gas collected in the ridge of the cap below the water level, this gas
is prevented from setting in motion the fluid at the water level. The

30 fluid at the top of the settling chamber will then be in a relatively
still state, so that particles still contained in the fluid are
deposited here more easily. By an obligquely placed cap should here be
understood a body whose longitudinal axis, for the purpose of the
oblique placement, runs at an angle to the water level (or horizontal}

35 and whose bottoin side, viewed in a direction perpendicular to the
longitudinal axis, the so-called transverse direction, for the purpose
of forming a cap, likewise runs at an angle to the water level {or
horizontal). The ridge of the cap is in this case situated on the high
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side of the botto_m side angled obliquely in the transverse direction.

A further advantage of the settling device according to the in-
vention is that underneath the obliquely placed cap a laminar flow can
be realized, which promotes the deposition of particles contained in
the fluid. This leminar flow is particularly able to be realized by
the fact that the gas bubbles which disrupt the laminar flow, such as
described above, are separated from the fluid and are separately dis-
charged.

It is here pointed cut that so-called oblique-plate settling
devices are known from the prior art, in which use is made of a number
of flat plates placed obliguely in overlapping connection. In such
plates, the bottom side, viewed in a direction perpendicular to the
longitudinal axis (i.e. in the direction of the transverse axis of the
plate}, runs parallel to the water level (or horizontal). Such
oblique-plate settling devices are suitable for the treatment of
fluids containing liquid and particles. If these fluids contain gas
bubbles, however, these gas bubbles will lend additional motion to the
fluid flowing along the plates, thereby discouraging particles con-
tained in these fluids from settling and disrupting any laminar flow.

According to an advantageous embodiment, the settling device '
according to the invention comprises & row containing a multiplicity .
of caps which are disposed in oblique, overlapping and parallel ar-
rangement. The fluid will then be forced to flow upward via the
interspaces formed between the adjacent, overlapping caps. As a result
of the multiplicity of caps, gas contained in the fluid will enter
more rapidly into contact with a plate and will subsequently be col-
lected in & ridge, so that the disruptive influence of these gas
bubbles upon the deposition of particles will be quicker to decline.

The trapping and discharge of gas collected in the ridge(s) can
be realized in a variety of ways. For this purpose, use can be made,
for example, of an inverted funnel-like element fitted in the ridge on
the inner side of the cep. The narrow outlet of the funnel can in this
case be connected to & pipe extending, for example, obliquely upward
along the ridge, in order to discharge the_gas upward via a separate
duct, thereby preventing fluid close to the water level from being
disturbed. According to an advantageous embodiment of the invention,
the gas-discharge means can comprise a collecting pipe which extends
essentially horizontally through the ridges and which on the inner
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side of the caps, close to the ridges, is provided with gas inlets
having, for example, inverted funnel-like elements. According to
another embodiment of simple design, the gas-discharge means can com-
prise a collecting cap extending essentially horizontally through the
ridges. Such a collecting cap, which can match the oblique caps in
terms of shape, will generally have a smaller width than the obliguely
fitted caps. An advantage of a horizontally extending collecting pipe
or collecting cap is, inter alia, that the collecting pipe or col-
lecting cap can simultaneously serve for the suspension and mutual
positioning of the oblique caps in the settling chamber. Where a col-
lecting cap which extends through the ridges is used, it is also
possible to collect and discharge floatable particles in a simple
manner. By disposing the essentially horizontally extending collecting
pipe or collecting cap at a slight angle of inclination relative to
the water level or horizontal the discharge of gas collected therein
and any floating particles is promoted.

The oblique caps of the settling device according to the in-
vention will generally be fitted at an angle of 30° to 80" to the
horizontal. Preferably, this angle will measure 55" to 65°. If the
angle is too large, the gas bubbles contained in the fluid will be.
insufficiently trapped by the caps. If the angle is too small, an
upward flow is excessively hindered. The value which is admissible for
this angle will largely depend upon the process conditions and the
composition of the fluid to be treated. An angle of about 55° to 65°,
such as, for example, an angle of about 60°. has been shown to produce
good results under diverse process conditions and with respect to
diverse compositions of the fluid to be treated.

According to an advantageous embodiment, the caps are essentially
V-gshaped in cross-section, the angle between the legs of the V being
able to measure about 100" to 130°, preferably about 110° to 120°.
Such V-shaped caps are simple to produce by two plates being fastened
together or by a plate being folded at a suitable angle.

A laminar flow between the caps, in which particles present in
the fluid can easily be settled, can be realized according to the
invention where the caps are fitted at mutual horizontal intervals of
about 2 to 8 cm, preferably about 6 cm.

The invention further relates to a purifier for, for example, the
anaerobic purification of waste water, comprising:
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- a fermentation chamber,
- a settling device according to the invention, which is fitted

- a degassing chamber, which is situated next to the settling
device and which is divided by a partition into a first, re-
latively gas-rich compartment and a second, relatively gas-
starved compartment, both compartments being interiinked at the
top side of the partition and the degassing chamber being here
provided with a gas discharge, the gas-rich, first compartment
being linked to the fermentation chamber and the gas-starved,
second compartment opening out into the bottom of the settling
chamber of the settling device, and

- separating means fitted between the fermentation chamber and the
settling chamber of the settling device, which separating means
trap gas bubbles rising in the fermentation chamber and discharge
them to the first compartment of the gas~collecting chamber and
conduct particles deposited in the settling chamber back to the
fermentation chamber.

In the fermentation chamber there is sludge, which cleans waste
water supplied in an anaercbic environment to the fermentation
chamber. Rising gas bubbles are thereby produced, which set the fluid
in the fermentation chamber into viclent motion, whereupon sludge
particles and other particles swirl through the fluid. The gas bubbles
are trapped by the separating means and led away to the first compart-
ment of a degassing chamber linked to the fermentation chamber. The
gas bubbles will rise up in this first compartment and, as a result of
the high gas-bubble concentration, produce an upward flow of fluid in
this first compartment. At the top of the degassing chamber, gas is
able to escape from the fluid and larger, floatable particles will
continue to float out of the fluid. The escaped gas and the floating
particles can then be discharged, after which a fluid remains which is
poorer in gas and particles. This fluid, which is poorer in gas and
particles, is subsequently conducted onward via a second compartment
so as to reach the bottom of the settling chamber of the settling
device. The fact that the fluid undergoes a downward motion as it is
conducted through the second compartment means that a portion of the-
gas bubbles which are still being transported can flow back in the
opposite direction so as to escape from the fluid at the top of the
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degassing chamber and be able to be d:lschargéd. The fluid is
subsequently conducted via the settling device already described
above, whereupon gas which still remains is further able to escape and
particles which are still present are able to be deposited from the
fluid. The deposited particles fall back to the bottom of the settling
device and make their way onto the separating means between the fer-
mentation chamber and the settling chamber. From here, the deposited
particles can be led back to the fermentation chamber. Using such &
purifier, waste water such as waste water from breweries, for example,
or sludge-containing waste water, can be very well cleaned. Various
sorts of bacteria and supports therefor can be added to the fermenta-
tion chamber, depending upon the sort of waste water. Biomass and/or
sludge can be situated in the fermentation chamber for the anaerobic
or aercbic purification of the waste water. In purifiers of this kind,
the escaping gas will usually comprise 0,, CO,, H,, either alone or in
combination with each other or with other gases.

According to a very advantageous embodiment, the separating means
herein comprise essentially horizontally fitted gas caps, which are
disposed side by side and so that they overlap somewhat with their
bottom ends, such that there is a vertical gap between the bottom ends
of the adjacent gas caps to enable the particles deposited in the
settling chamber to be conducted back to the fermentation chamber.

For the gas caps, & large number of gas caps known from the prior
art can be used. Reference should particularly be made to those gas
caps fitted sbove a fermentation chamber which are known from Europeen
patent applications EP-A1-0,193,999 and EP-A1-0,244,029 of the appli-
cant, which gas caps, by being referre;l to as part of the present
application, are herein incorporated.

The invention further relates to a method for the anaerobic or
serobic purification of waste water using a device according to the
invention.

The invention will be explained in greater detail below with
reference to the appended drawing. A purifier according to the in-
vention is illustrated by way of example in this drawing, in which:

Fig. 1 shows a diagrammatic view in perspective of a p_ut.-if‘ier
according to the invention;

Fig. 2 shows a diagrammatic, partially exploded side view of Fig.
1;
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Fig. 3 shows a cross-section according to the lines III-III in
Fig. 2;

Fig. 4 shows & detail of Fig. 1, in which, however, the caps 12
are fitted in a different, alternative manner, and

Fig. 5 shows a disgrammatic representation of the path covered by
a rising gas bubble in the settling device.

The figures show a cleaning device 1 according to the invention,
more particularly provided with a settling device 2 according to the
invention.

The cleaning device comprises a reaction chamber, such as a fer-
mentation chamber 3 above which there is fitted a settling device 2.
The fermentation chamber 3 and the settling device 2 are separated
from each other by means of separating caps 4 (shown in purely
diagrammatic representation), as known from EP-A1-0,244,029 and EP-Al-
0,193,999 {(herein incorporated by reference). The cleaning device
further comprises a degassing chamber 5 comprising a first compartment
6 and a second compartment 7, which compartments are separgted from
each other by an oblique partition 8. At the top side of this
partition 8, the compartments 6 and 7 pass into each other. At the top
of the degassing chamber 5 there is provided a gas discharge 9 and a
spray device 10 for spraying water with the aim of releasing gas
bubbles attached to floating particles from said particles. At the top
of the degassing chamber, at the level of the water level 23, there is
likewise provided a discharge {not represented) for floating
particles.

The settling device 2 comprises a multiplicity of V-shaped caps
12, which are placed obliquely at an angle of 60° to the water level
11 of the fluid. Each cap 12 has a downwardly directed open side 13
and an opposing ridge 14. The angle B between the legs of the V-shaped
cap here measures about 110°. At the top of the settling chamber of .
the settling device there are fitted, close to the water level 11 of
the fluid, liquid discharge means in the form of overflow holes 15.
These overflow holes 15 form a connection to a drain 16. The hori-
zontal interval Z between two adjacent oblique caps here measures
about 6 cm. The oblique caps 12 are positioned relative to each other
by means of an essentially horizontally extending, V-shaped collecting
cap 17 and are suspended by means of those caps 17 in the settling
chamber of the settling device. This collecting cap 17 extends through
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the ridges 14 of the row of successive, mutually partially overlapping
caps 12. Just below the ridge of the collécting cap 17, passages 18
are formed in the ridges of the oblique caps 14 for the conduction of,
in particular, gasecus fluid. The collecting cap 17 is preferably
inclined somewhat obliquely toward the degassing chamber 5 and opens
out into the degassing chamber 5. Gases collected beneath the collect~
ing cap 17 and floating particles are then discharged automatically,
as it were, to the degassing chamber.

In the example illustrated, the separating means 4 comprise a
vwhole cap 30 and two helf caps 19 fitted next to the latter and in
somewhat overlapping arrangement. The bottom ends of the caps 30 and
19 are fitted so that they overlap in such a way that a vertical gap
20 is here formed, which is delimited by the bottom end of the cap 19
situated above and the top face of the cap 18 situated below. Via this
gap 20, particles and fluid are mble to flow back to the fermentation
chamber 3 below it.

The asbove-described purifier functions, as a whole, as follows:

Present in the fermentation chamber 3, for example, are biomass,
bacteria, support material for these, sludge and other particles.
Waste water is supplied to the fermentation chamber via means (not
shown), preferably continuously. The waste water is cleaned by the
bacteria and/or other means located in the fermentation chamber,
thereby generating gas such as 0,, CO,, H,. This gas formation sets the
fluid in the fermentation chamber into violent motion, as a result of
which particles located in the fermentation chamber start to float
around. The rising gas bubbles are in large part trapped by the caps
of the separating means 4. As illustrated by the arrows 21 and 22,
this trapped gas is conducted to the first compartment 6 of the
degassing chamber 5. Here, the gas will further risé. thereby pro-
ducing an upward flow of fluid. Fluid from the fermentation chamber 3
will consequently be guided upward, whereupon many particles contained
in the fluid will be carried along. The larger gas bubbles will leave
the fluid at the top of the degassing chamber 5 and will be able to be
discharged via a gas discharge 9. Floatable particles which are
carried along with the fluid out of the fermentation chamber 3 will
end up floating on the water level 23 at the top of the degassing
chamber. These floating particles can subsequently be discharged and
gas bubbles attached thereto are able to be released by means of the
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spray device 10.

As a result of the gas which rises from the fermentation chamber
and from the separating means 4, the fluid, as is indicated by the
arrow 24, will be transported further obliquely downward via the
second compartment 7 toc the bottom of the settling device 2. As it
flows downward through the second compartment, a portion of the gas
still present in the fluid can rise as bubbles counter to the flow
direction and collect at the top of the degassing chamber 5, so as
then to be dischargeable. via a gas discharge 9. As is represented by
arrows 25, at the bottom of the settling device 2 a portion of the
fluid will flow back via the gaps 20 to the fermentation chamber,
particles deposited in the settling device 2 being able to be carried
along. As is represented by arrows 26, another portion of the fluid
will be forced to flow along the obliquely fitted caps 12, after which
finally, at the top of the settling device, fluid is discharged from
the purifier via the overflow holes 15.

During this forced upward flowing of the fluid along the bottom
of the obliquely fitted caps 12, a laminar flow will be formed in
which heavier particles still present in the fluid will be easily
deposited. Those gas bubbles which are still present in the fluid and
disrupt such a lahinar flow and lighter, floatable particles will rise
vertically, or in any event more steeply than the fluid itself, as a
result of the upward lifting force which is thereby encountered. These
bubbles and lighter particles are then forced into contact with an
oblique face of a cap and will be conducted by this oblique face of
the cap in question to the ridge 14 of the cap in question. Along the
inner side of this ridge 14, the gas and the lighter particles will
then rise Purther until being trapped by the gas~discharge means
fitted below the water level 11, in this case in the form of an es-
sentially horizontally fitted collecting cap 17. The gas and the
lighter particles collect in the collecting cap 17 and flow via the
openings 18 along the bottom of the collecting cap 17 to the degassing
chamber 5, where the gas can further be discharged via the gas dis-
charge 9 and the lighter particles via the discharge for these (not
shown). The fluid above the collecting cap 17 is virtually totally rid
of gas and lighter, floatable particles, thereby promoting the further
settling of heavier particles still contained in the fluid. The upper-
most layer of the fluid in the settling device, i.e. the fluid layer
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located close to the water level 11, will be very low in particles
floating through it. This fluid, which is very low in particles, cen
further be dischargéd as purified fluid via the overflow holes 15 and
the discharge ducts 16.

It will be clear that the settling device according to the in-
vention can be used in a variety of ways. Use in connection with the
purifier which is here outlined is very advantageous, but by no means
the only usage option. It will additionally be clear that the di-
rection in which the cap(s) 12 is (are) obliquely fitted may vary.
That is to say, with reference to Figs. 1 and 2, that the caps 12 can
also incline obliquely to the right (instead of obliquely to the left,
as represented), or obliguely to the front or obliquely to the rear,
whilst, here too, variants lying therebetween are conceivable.

Fig. b shows a design variant of the settling device according to

.the invention. The difference with Figs. 1-3 is essentially that the

obliquely placed caps 12 of Figs. 1-3 are rotated by 180° relative to
their obliquely running longitudinal axes and, in Fig. 4, are in-
dicated as caps 12. The caps 112 lie with their longitudinal side
edges in sealing arrangement against the side walls 120 of the
settling chamber 2. Each cap 112 comprises, as it were, two open down-
ward-facing sides 113 and two ridges 114. The ridges 114 are in this
case situated along the side walls 120 of the settling chamber.

Instead of a V-shaped collecting cap 17, in the case of each ridge 114

there is provided an oblique, essentially horizontally mmning plate
117, which is placed with its top edge against the side wall 120 of
the settling chamber 2. In the embodiment according to Fig. 4, each
{V-shaped) cap 112 thus forms, as it were, two csps.

Fig. 5 shows, with reference to a detail of Fig. 4, the course of
a gas bubble in the settling device according to the invention. In
zone 121, the gas bubble rises essentially vertically until the gas
bubble comes into contact with the cap 112. In zone 122, the gas
bubble is then conducted along the bottom of the cap 112 to the ridge
114. Having arrived in the ridge 114, the gas bubble is conducted
along the bottom of the ridge 114 to the collecting cap 117 (zone 123}
s0 as subsegquently to be discharged via the collecting cap 117 (zone
124).
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CIains

i. Settling device for a fluid containing ligquid, gas and

particulate material, comprising:

-  a settling chamber which is to be filled with this fluid and in
which there is fitted, for the trapping of gas bubbles, at least
one cap having a ridge situated opposite a downwardly directed
open side,

- liquid-discharge means fitted close to the water level of the
fluid, '

- supply means for supplying the fluid at the bottom of the
settling chamber, and _

- gas-discharge means for discharging from the settling chamber gas
which has been‘trapped beneath the cap,

characterized in that the at least one cap is disposed with its

longitudinal axis at an ahgle to the water level, such that fluid

supplied at the bottom of the settling chamber flows cbliquely up,
forced along the underside of the at least one cap, whilst gas bubbles
contained therein collect in the ridge of the at least one cap,

and in that the gas-discharge means trap below the water level the gas

collected in the ridge of the at least one cap. .

2. Settling device according to Claim 1, characterized in that it

comprises a row containing a multiplicity of caps which are disposed

in obligue, overlapping and parallel arrangement.

3. Settling device according to Claim 2, characterized in that the

gas-discharge means comprise a collecting pipe which extends es-

sentially horizontally through the ridges and which on the inner side
of the caps, close to the ridges, is provided with gas inlets.

4.  Settling device according to Claim 2, characterized in that the

gas~-discharge means comprise a collecting cap extending essentially

horizontally through the ridges.

5. Settling device'accdrding to one of the preceding claims, charac~

terized in that the caps are fitted at an angle of 30° to 80° to the

horizontal, preferably at an angle of 55° to 65°, for example 60°.

6. Settling device according to one of the preceding claims, charac-

terized in that the caps are essentially V-shaped in cross-section,

the angle between the legs of the V being able to measure about 100°

to 130°, preferably sbout 11of to 120°.
AR YA 1
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7. Settling device according to one of the preceding Claims 2-4,
characterized in that the caps are fitted at mutual horizontal inter-
vals of 2 to 8 cm, preferably about 6 cm.

8. Purifier for, for example, the aerobic or anaerobic purification

of waste water, comprising: |

- a reaction chamber, such as a fermentation chamber,

- a settling device according to one of the preceding c¢laims, which
is fitted above the reaction chamber,

- a degassing chamber, which is situated next to the settling
device and which is divided by a partition into a first, re-
latively gas-rich compartment and a second, relatively gas-poor
compartoent, Both compartments being interlinked at the top side
of the partition and the degassing chamber being here provided
with a gas discharge, the gas-rich, first compartment being
linked to the reaction chamber and the gas-poor, second compart-
ment opening out into the bottom of the settling chamber of the
settling device, and '

- separating means fitted betueen'the reaction chamber and the
settling chamber of the settling device, which separating means
trap gas bubbles rising in the reaction chamber and discharge
them to the first compartment of the gas-collecting chamber and
conduct particles deposited in the settling chamber back to the
reaction chamber. '

9. Purifier according to Claim 8, in which the separating means

comprise essentially horizontally fitted gas caps, which gas caps are

disposed side by side and so that they overlap somewhat with their
bottom ends, such that there is a vertical gap between the bottom ends
of the adjacent gas caps to enable the particles deposited in the
settling chamber to be conducted back to the reaction chamber.

10. Method for'the anaercbic purification of waste water using a

device according to one of the preceding claims.
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