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Description

Field of the invention

[0001] The present invention relates to an electroflotation apparatus for removing impurities from waste water. More
particularly, the invention relates to an electroflotation apparatus comprising an outlet pipe with a low turbulence orifice.

Background

[0002] The treatment of waste water and sewage by electroflotation to remove impurities is well known in the art. Such
treatment of waste water generally involves an initial electrocoagulation step in which the waster water is fed into an
electrolytic cell where electrical impulses are applied to the water to generate a flock containing the impurities. A flotation
step follows in which the flock rises to the surface of the water where it can be removed by mechanical methods external
to the electrolytic cell. See for example, US 3,726,780. The treated water and flock are re-used or disposed of appro-
priately.
[0003] WO 2011/023851 and WO 2011/018556 disclose electroflotation methods and apparatuses for purification of
water involving separation of the flock from the treated water in an area located above the electrolytic cell. However, a
problem with the apparatuses disclosed by WO 2011/023851 and WO 2011/018556 is that the flock aggregate is readily
broken up by the turbulent water flow exiting the electrolytic cell thereby hampering separation of the flock from the
treated water. This limits operation of the apparatuses to lower water throughputs to ensure adequate water / flock
separation.
[0004] WO 96/15989 discloses a flock separating apparatus for use in sewage or sludge treatment. The apparatus
has an electrolytic cell and a separating tank. The flock generated is carried upward out of the cell and into the separating
tank by hydrogen gas produced in the electrocoagulation step. The flock continues to rise in the separating tank while
the treated water passes from the separating tank into a receiving and discharge tank. Although such passage decelerates
the climbing speed of the water relative to that of the flock thereby improving the water / flock separation efficiency, it is
necessary for the receiving and discharge tank to have a surface area that is many times larger than that of the separating
tank. WO 03/062152 discloses a method and apparatus for removing impurities from waste water by electroflotation.
The waste water passes through an electrolytic cell with a wearing and a non-wearing electrode to produce a flock that
is conveyed to a flock and purified water separation tower. Purified water and flock are conducted from the bottom and
top ends of the tower respectively. The apparatuses of WO 96/15989 and WO 03/062152 require relatively complex
engineering designs and a longer time is required to achieve separation of the flock from the treated water. This increases
operation costs.
[0005] US 4490259 A discloses an electroflotation unit for improved flotation process through the minimization of the
turbulence due to the inflow of influent into the separating area. A mixer is used to supply treated water in which flocks
have been formed to a separating area. The mixer comprises a series of elongated and fluidly connected chambers of
expanding size with at least a first diameter and a second diameter, where the ratio of second diameter to first diameter
is preferably 2:1.
[0006] CA 1232570 A1 purportedly teaches an apparatus for electrochemical purification of contaminated liquids. A
section of the coagulation chamber accommodated in the settling chamber and the separating wall are fashioned as
truncated cones facing by their large bases the froth collector, the mixing chamber having perforated damping partitions.
It would be desirable to provide an electroflotation apparatus that is simple in design yet capable of removing impurities
from waste water at higher water throughputs whilst retaining an aggregate of the generated flock.

Summary of the invention

[0007] Consequently, the present invention seeks to mitigate, alleviate, eliminate or circumvent one or more of the
above-identified deficiencies in the art and disadvantages singly or in any combination by providing, in one aspect, an
electroflotation apparatus for removing impurities from waste water comprising:

an electrolytic cell for treating the waste water and having a cylindrical space where waste water is electrolysed and
a flock containing the impurities is generated;
a water outlet to remove treated water from a separation area;
an outlet pipe having a linear central axis located co-axially with the electrolytic cell for passing the treated water
and flock rising up and out of the electrolytic cell to the separation area, the outlet pipe comprising:

a first end having a cylindrical portion that is connected to the top of the electrolytic cell and having a first diameter;
a second end through which the treated water and flock exit the outlet pipe, the second end having a second



EP 3 359 493 B1

3

5

10

15

20

25

30

35

40

45

50

55

diameter; and
a length extending between the first diameter and the second diameter;
wherein the ratio of the second diameter to the first diameter is between 1.5:1 and 6:1; and
wherein the ratio of the length to the first diameter is between 7:1 and 45:1; in order that the outlet pipe reduces
the turbulence of the treated water from the electrolytic cell before the treated water is passed to the separation
area such that aggregation of the flock in the separation area is increased. The design of the outlet pipe is
specifically made to reduce flow rate, to reduce turbulence of the treated water in the outlet pipe, and especially
to reduce the turbulence of the treated water in being released into the separation area,
wherein the separation area is a cylindrical tube extending above the outlet pipe having a cylinder diameter,
and the ratio of the cylinder diameter to the second diameter is at least 1.5:1, preferably between 2:1 and 30:1,
more preferably between 6:1 and 24:1.

[0008] The electrolytic cell in the apparatus is not intended to be particularly limited. For instance, the electrolytic cell
may have an inner electrode made of a non-wearing metal such as stainless steel, zinc, platinum, graphite, titanium, or
boron-doped metals. The outer electrode may be made of a sacrificial metal such as iron, aluminium, or another metal
capable of forming a metal hydroxide. The inner and outer electrodes may optionally be located co-axially to each other
to define a cylindrical space between them where electrolysis of the waste water occurs. The inner and outer electrodes
may be connected to negative and positive poles of a power source respectively. The thickness of the outer electrode
is about 30 mm. The inner electrode may be non-wearing while the outer electrode may be consumed as electrolysis is
performed. If the outer electrode is made of iron then the iron is oxidized from Fe to Fe2+ and / or Fe3+. The Fe2+ / Fe3+

reacts with OH- ions in the water to form a positively charged iron hydroxide network that makes up a large proportion
of the flock. Impurities are also absorbed onto the flock. Electrons from oxidation of the outer electrode combine with
H+ in the water to produce H2 gas which rises and simultaneously assists in flotation of the flock. During use waste water
is supplied at an appropriate position near the lower portion of the electrolytic cell and rises up through the cylindrical
space where it is electrolysed and a flock is formed. The treated water and flock continue to rise up and out of the
electrolytic cell. The electrolytic cell may be of any suitable size depending on the volume of waster water to be treated
and the desired flow rate. For example, the diameter of the outer electrode may be up to 700 mm, preferably between
150 mm and 400 mm, more preferably between 250 mm and 350 mm, and even more preferably about 300 mm. The
diameter of the outer electrode may be about 500 mm. Suitable electrolytic cells for use in the electro flotation apparatus
of the present invention are disclosed in WO 96/15989 and WO 03/062152 but other electrolytic cells may of course be
utilised.
[0009] In some embodiments the ratio of the second diameter to the first diameter is between 2:1 and 5:1, and more
preferably between 2.5:1 and 4:1. Particularly preferred ratios of the second diameter to the first diameter are selected
from the group consisting of 3.0:1, 3.1:1, 3.2:1, 3.3:1, 3.4:1, 3.5:1, and 3.6:1. In other embodiments not forming part of
the present invention the ratio of the second diameter to the first diameter is between 1.2:1 and 2:1, preferably between
1.2:1 and 1.7:1. Additional particularly preferred ratios of the second diameter to the first diameter are selected from the
group consisting of 1.22:1, 1.3:1, 1.4:1, (these ratios not forming part of the present invention) and 1.5:1.
[0010] In some embodiments the ratio of the length to the first diameter is between 10:1 and 30:1, even more preferably
between 14:1 and 22:1. A particularly preferred ratio of the length to the first diameter is about 17.3:1.
[0011] According to one embodiment the first diameter is between about 20 mm to 90 mm, preferably between about
30 mm to 80 mm, more preferably between about 40 mm to 60 mm, and even more preferably between about 45 mm
to 50 mm. According to another embodiment the first diameter is about 50 mm.
[0012] In some embodiments the second diameter is between about 130 mm to 180 mm, preferably between about
140 mm to 170 mm, and more preferably between about 150 mm to 160 mm. According to another embodiment the
second diameter is about 155 mm. In other embodiments the second diameter is smaller and is between about 50 mm
to 100 mm, preferably between about 50 to 80 mm, more preferably between about 50 mm to 65 mm, and even more
preferably about 55 mm. For example, the first diameter may be about 45 mm and the second diameter about 55 mm.
[0013] In other embodiments the first and second diameters of the outlet pipe are larger to allow for higher throughputs
of water. In some of these embodiments the first diameter is the same size as, or is slightly less than, the diameter of
the outer electrode. This may be visualized in figures 2, 3, 4, and 6 wherein the first diameter of the outlet pipe corresponds
with the diameter of the electrolytic cell. For example, the first diameter of the outlet pipe may be up to 700 mm, preferably
between 150 mm and 400 mm, more preferably between 250 mm and 350 mm, and even more preferably about 300
mm. The second diameter of the outlet pipe may be up to 2170 mm, preferably between 465 mm and 1240 mm, more
preferably between 775 mm and 1085 mm, and even more preferably about 930 mm. The first diameter may also be
about 500 mm and the second diameter about 1550 mm.
[0014] According to some embodiments the length is between about 600 mm to 1400 mm, preferably between about
700 mm to 1200 mm, and more preferably between about 800 mm to 1000 mm. According to another embodiment the
length is about 867 mm.
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[0015] Some embodiments relate to the outlet pipe being a truncated cone or a truncated hyperbolic cone. Alternative
embodiments relate to the outlet pipe being a truncated parabolic cone. According to some embodiments the aperture
(2θ) of the truncated cone is less than 10°, preferably between 3° and 8°, even more preferably between 5° and 7°.
According to some embodiments the aperture of the truncated cone is between 6° and 8°. In some embodiments the
aperture of the truncated cone is between 4.8° and 7.12°. According to some embodiments the aperture of the truncated
cone is selected from the group consisting of 6.9°, 7°, 7.1°, 7.2°, and 7.3°.
[0016] In some embodiments the cylinder diameter is between about 250 mm to 600 mm, preferably between about
300 mm to 500 mm. According to another embodiment the cylindrical tube has an outer diameter of about 400 mm and
an inner diameter of about 390 mm.
[0017] In the present invention the separation area is a cylindrical tube extending above the outlet pipe, the distance
between the second end of the outlet pipe and the surface of the water or flock in the separation area is not intended to
be particularly limited. In some embodiments, the distance between the second end of the outlet pipe and the surface
of the water or flock in the separation area is between 900 mm and 1500 mm, preferably between 1000 mm and 1400
mm, and even more preferably between 1100 mm and 1300 mm.
[0018] In some embodiments (not covered by the claims) relate to the separation area being a pool or a basin located
above the outlet pipe or a lower portion of the electrolytic cell. Thus, in one embodiment the bottom of the pool or basin
and the exit of the outlet pipe are located at the same level. Alternatively, the outlet pipe and an upper portion of the
electrolytic cell may be located within the lower half of the pool or basin while the lower portion of the electrolytic cell is
located below the bottom of the pool or basin.
[0019] Other embodiments (not covered by the claims) relate to the separation area being a pool or a basin located
to one side of the outlet pipe or the electrolytic cell. In these embodiments the pool or basin may be further located above
the level of the outlet pipe or electrolytic cell. A pipe such as a curved pipe extends between the outlet pipe and the pool
or basin for passing the treated water and flock from the outlet pipe to the pool or basin. In some embodiments, the
apparatus comprises a linear stabilizing zone between the curved pipe and the pool or the basin. The linear stabilizing
zone serves to stabilize aggregates to preserve them upon release into the pool or the basin and to increase aggregation
of the flock in the separation area. In some embodiments, the apparatus comprises a conical outlet between the curved
pipe and the pool or the basin. Also a conical outlet between the curved pipe and the pool or the basin may contribute
to stabilizing aggregates to preserve them upon release into the pool or the basin and to increase aggregation of the
flock in the separation area.
[0020] In alternative embodiments (not covered by the claims) the separation area is a pool or a basin located below
the electrolytic cell. The pool or basin may be further located to one side of the electrolytic cell. Again, a pipe such as a
curved pipe extends between the outlet pipe and the pool or basis for passing the treated water and flock from the outlet
pipe down to the pool or basin.
[0021] When a curved pipe is used the curved pipe may have any suitable diameter and bending radius for preserving
laminar flow of the treated water. In some embodiments (not covered by the claims) the diameter of the curved pipe is
the same as the diameter of the second end of the outlet pipe. In some embodiments the diameter of the curved pipe
is between about 130 mm to 180 mm, preferably between about 140 mm to 170 mm, and more preferably between
about 150 mm to 160 mm. According to another embodiment the diameter of the curved pipe is about 155 mm. The
diameter of the curved pipe may also be larger. In some embodiments the diameter of the curved pipe may be up to
2170 mm, preferably between 465 mm and 1240 mm, more preferably between 775 mm and 1085 mm, and even more
preferably about 930 mm. The diameter of the curved pipe may also be about 1550 mm. In some embodiments the ratio
of the curved pipe diameter to the first diameter is between 1.5:1 and 6:1, preferably between 2:1 and 5:1, and more
preferably between 2.5:1 and 4:1. Particularly preferred ratios of the curved pipe diameter to the first diameter of the
outlet pipe are selected from the group consisting of 3.0:1, 3.1:1, 3.2:1, 3.3:1, 3.4:1, 3.5:1, and 3.6:1.
[0022] In some embodiments (not covered by the claims), the ratio of the diameter of the curved pipe to the first
diameter (d1) the outlet pipe (402) is between 1.5:1 and 6:1, preferably between 2:1 and 5:1, and more preferably
between 2.5:1 and 4:1.
[0023] The bending radius will depend on the flow rate of treated water and the diameter of the curved pipe. In some
embodiments (not covered by the claims) the bending radius of the curved pipe may be up to 6 meters. Preferably, the
bending radius of the curved pipe will be between about 3 to 5 meters, or 2 to 4 meters, or 1 to 3 meters, or less than
2 meters, or less than 1 meter.
[0024] Some embodiments (not covered by the claims) relate to the separation area being a pool or a basin located
below the outlet pipe or a top portion of the electrolytic cell. In such embodiments the electrolytic cell is upside down so
that the water to be treated moves downwards through the cell before exiting the outlet pipe into the pool or basin below.
The speed of the flow will exceed the speed of the evolving gas.
[0025] In some embodiments the first end of the outlet pipe further comprises a cylindrical portion connected to the
electrolytic cell. According to an embodiment, the cylindrical portion is between about 30 mm to 70 mm long, preferably
about 50 mm long. The cylindrical portion may facilitate connection of the outlet pipe to the electrolytic cell during
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manufacture of the apparatus.
[0026] In some embodiments the Reynolds number for the flow at the second end of the outlet pipe is less than 3000,
preferably less than 2300, and even more preferably less than 2000. Preferably, the Reynolds number at the second
end of the outlet pipe is the range 1500 to 2000. Without wishing to be bound by theory, it is believed the Reynolds
number of the water / flock flow exiting the outlet pipe is a useful indication of its turbulence. Reynolds numbers are
dimensionless numbers expressed as the ratio of inertial (resistant to change) forces to viscous (heavy) forces. They
indicate whether liquid flow is steady (i.e. streamlined or laminar with no eddies or swirls) or has unsteady fluctuations
(i.e. the flow is turbulent). A Reynolds number of less than about 2000 indicates flow in a pipe is generally laminar (i.e.
not turbulent), whereas values of greater than 3000 indicate turbulent flow.

Brief description of the drawings

[0027] These and other aspects, features and advantages of which the invention is capable of will be apparent and
elucidated from the following description of embodiments of the present invention, reference being made to the accom-
panying drawings, in which

Fig. 1 is a side view of an electroflotation apparatus according to one embodiment of the invention;
Fig. 2 is a side view of a pool with a plurality of electroflotation apparatuses; (not forming part of the present invention).
Fig. 3 is a side view of another pool with a plurality of electroflotation apparatuses (not forming part of the present
invention);
Fig. 4a is a side view of an electroflotation apparatus connected to the side of a pool (not forming part of the present
invention);
Fig. 4b is a graph of bending radius (meters) versus pipe diameter (millimeters) of the curved pipe in Fig. 4a at flow
rates of 500 litres/hour (dotted line ........), 1000 litres/hour (dashed line -------), and 1500 litres/hour (solid line______).
Fig. 5 is a side view of two alternative outlet pipe designs for use with the electroflotation apparatus of the present
invention; and
Fig. 6 is a side view of yet another pool with a plurality of electroflotation apparatuses (not forming part of the present
invention);
Fig. 7 is a graph of water velocity (meters / second) versus position (meters) of the water along the linear central
axis of the outlet pipe of an electroflotation apparatus according to one embodiment of the invention.
Figures 1 to 4a, 5, and 6 are not drawn to scale.

Detailed description of embodiments

[0028] The following description focuses on embodiments of the present invention applicable to an electro flotation
apparatus. However, it will be appreciated that the invention is not limited to these applications but may be applied to
other separation processes which involve generation of a solid and subsequent separation of the solid from a liquid.
[0029] Fig. 1 illustrates an electro flotation apparatus 100 according to the invention. The apparatus broadly comprises
an electrolytic cell 104, an outlet pipe 108, and a separation area in the form of a cylindrical tube 112. The outlet pipe
108 is connected to the electrolytic cell 104 and serves to pass the flock and treated water from the electrolytic cell 104
in a vertical direction to the separation area 112. A first end of the outlet pipe 108 has a cylindrical portion 116 that is
connected to the top of the electrolytic cell 104. The flock and treated water enter the first end of the outlet pipe 108 and
pass through the pipe before exiting a second end of the outlet pipe 108. The flock rises up to the surface of the water
in cylindrical tube 112 where it is removed by a suitable mechanical mechanism (not shown). Sedimented material that
is heavier than water sinks to the bottom and is removed from the apparatus 100 through sediment outlet 120. Treated
water is removed from the apparatus 100 through water outlet 124 and may be either recycled to electrolytic cell 104
for further treatment or disposed of appropriately. More than one water outlet 124 may be included on the apparatus 100.
[0030] The design of the outlet pipe 108 is an important feature of the invention. Outlet pipe 108 has a linear central
axis (labeled A) located co-axially with the electrolytic call 104. The first and second ends of the outlet pipe 108 have
first (d1) and second (d2) diameters respectively. A length (1) extends between the first (d1) and second (d2) diameters.
The dimensions of the outlet pipe 108 are:

d1: 50 mm
d2: 155 mm
d3: 400 mm
1: 867 mm
2θ: 7°
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[0031] The ratio of d2:d1 is 3.1:1, the ratio of 1:d1 is 17.3:1, and the ratio of d3:d2 is 2.6:1. The distance between the
second end of the outlet pipe 108 and the surface of the water or flock (not shown) in the cylindrical tube 112 is 1190 mm.
[0032] Fig. 2 (showing an embodiment not forming part of the present invention) illustrates a pool 204 with five elec-
troflotation apparatuses 200 having their top portions located in the lower half of the pool 204 and their bottom portions
located below the pool 204. Electroflotation apparatus 200 is similar in design and operation to electroflotation apparatus
100. Pool 204 provides a larger separation area than cylindrical tube 112 which allows for formation of a larger flock
aggregate. There may be more or less than five electroflotation apparatuses 200 e.g. there may be one or more than
one electroflotation apparatus 200, such as three to eight electroflotation apparatuses 200, expelling flock and treated
water into the pool 200.
[0033] Fig. 3 (showing an embodiment not forming part of the present invention) depicts a pool 304 with five electro-
flotation apparatuses 300 located below the pool 304. Electroflotation apparatus 300 is similar in design and operation
to electroflotation apparatus 100. Like pool 204, pool 304 provides a larger separation area than cylindrical tube 112
and thus formation of a larger flock aggregate. Locating electroflotation apparatuses 300 below the pool 304 allows for
an improved separation of the flock from the water at the surface of the pool 304. Again, there may be more or less than
five electroflotation apparatuses 300 such as four or ten electroflotation apparatuses 300 all expelling flock and treated
water into the pool 300.
[0034] Fig. 4a (showing an embodiment not forming part of the present invention) shows an electroflotation apparatus
400 connected to the side of a pool 404 via a curved pipe 408, a linear stabilizing zone 412, and a conical outlet 416.
The apparatus 400 has an electrolytic cell 401 and an outlet pipe 402. One end of the curved pipe 408 connects directly
to the exit end (i.e. second end) of outlet pipe 402. In use the outlet pipe 402 reduces the turbulence of the treated water
from the electrolytic cell 401 and creates a laminar flow of treated water that is preserved as the treated water passes
from the outlet pipe 402 and through curved pipe 408 on the way to pool 404. The curved pipe 408 is made of a flexible
material. The diameter and bending radius (R) of the curved pipe 408 are selected in order to preserve the laminar flow
of the treated water. Fig. 4b illustrates the relationship between the bending radius (R) and the diameter of the curved
pipe 408 at different flow rates as calculated by a computational fluid dynamics (CFD) analysis. Generally, as the pipe
diameter increases the bending radius of the curved pipe 408 decreases for a given flow rate. Of course the diameter
of the curved pipe 408 may be larger than 160mm as shown on the horizontal axis of the graph in Fig. 4b. Although not
illustrated, the diameter of the curved pipe 408 may be larger than the diameter of the exit of the outlet pipe 402. In that
case one end of the curved pipe 408 extends over and / or below the exit of the outlet pipe 402 and is secured to the
electrolytic cell 401 or below the exit of the outlet pipe 402 by any suitable method to prevent water leakage. Further,
more than one electroflotation apparatus 400 and curved pipe 408 could be connected to different parts of the same
pool 404. The linear zone 412 helps to preserve the laminar flow and avoid separation of the water and flock in the
conical outlet 416. The linear zone 416 could be any suitable length. For instance, the length of linear zone 412 may be
about four times the diameter of the curved pipe 408. The conical outlet 416 is connected to the pool 404 and helps to
preserve the laminar flow of the treated water should the flow stagnate after entering the pool 404. However, it is not
necessary to include both the linear stabilizing zone 412 and conical outlet 416. In one embodiment either the linear
stabilizing zone 412 or the conical outlet 416 may be present. Alternatively, neither the linear stabilizing zone 412 nor
the conical outlet 416 are present. In the latter case one end of the curved pipe 408 is connected directly to the outlet
pipe 402 while the other end of the curved pipe 408 is connected directly to the pool 404. Moreover, the conical outlet
416, linear zone 412, or the curved pipe 408 need not be connected to the side of the pool 404 as shown in Fig. 4a. For
example, the conical outlet 416, linear zone 412, or the curved pipe 408 may be connected to the bottom of the pool
404 in order that the treated water enters the pool 404 from underneath. Alternatively, the conical outlet 416, linear zone
412, or the curved pipe 408 could be suspended over the top of pool 404 in order that the treated water enters the pool
404 from above.
[0035] Whether or not a pool 204, 304, 404 is utilized in place of cylindrical tube 112 as a separation area will depend
on the volume of water to be treated. The relative location of electroflotation apparatuses 200, 300, 400 to the pools
204, 304, 404 will depend on the site space available and other engineering controls.
[0036] Fig. 5 illustrates two alternative outlet pipe designs 508, 509 for use with the electroflotation apparatuses 100,
200, 300, and 400. Outlet pipe 508 is a truncated parabolic cone. Outlet pipe 509 is a truncated hyperbolic cone. The
outlet pipe 509 is preferred. Thus in some embodiments the outlet pipe of the electroflotation apparatus is a truncated
hyperbolic cone.
[0037] The velocity of the water in and immediately external of the outlet pipe 108 of the electroflotation apparatus
100 was evaluated in a computational fluid dynamics (CFD) analysis. CFD is a branch of fluid mechanics that uses
numerical analysis and algorithms to solve and analyze problems that involve fluid flows. The CFD analysis assumed
a water temperature of 40°C. The turbulence model was realisable k-ε (two-layer) and a biphasic model (VOF) was used
to model the flocking surface. Velocity is one aspect affecting the turbulence of the water.
[0038] Fig. 6 (showing an embodiment not forming part of the present invention) illustrates a pool 604 with five elec-
troflotation apparatuses 600 located upside down in the pool 604 so that their outlet pipes and top portions of their
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electrolytic cells are located in the upper half of the pool 604. Otherwise electroflotation apparatus 600 is similar in design
to electroflotation apparatus 100. During operation the water will move downwards through the electrolytic cells as it is
treated prior to exiting the outlet pipe into the pool 604. Like pools 204 and 304, pool 604 provides a larger separation
area than cylindrical tube 112 which allows for formation of a relatively larger flock aggregate. There may be more or
less than five electroflotation apparatuses 600 e.g. there may be one or more than one electroflotation apparatus 600,
such as three to eight electroflotation apparatuses 600, expelling flock and treated water into the pool 600. The expelled
flock floats to the surface of the pool 604 around the apparatuses 600.
[0039] Use of a pool 204, 304, 404, or 604 allows for a simpler and less expensive construction as the weight of the
treated water from one or more electroflotation apparatuses 200, 300, 400, 600 is carried by a single large pool.
[0040] Fig. 7 shows a graph of the CFD results for outlet pipe 108 in comparison to a straight cylindrical pipe i.e. a
pipe with a constant diameter (d1 = d2 = 50 mm) and having the same length (1) as outlet pipe 108. Using the straight
cylindrical pipe is known to result in disintegration of flock above the electrolytic cell.
[0041] The key to Fig. 7 is:

D = first end of the outlet pipe 108 / straight cylinder pipe.
E = second end of the outlet pipe 108 / straight cylinder pipe.
F = water surface in the separation area.
P = straight cylinder pipe with a water throughput of 300 liters per hour.
Q = straight cylinder pipe with a water throughput of 1000 liters per hour.
R = outlet pipe 108 with a water throughput of 1000 liters per hour.
S = outlet pipe 108 with a water throughput of 3500 liters per hour.

[0042] Fig. 7 shows that the water has a much lower velocity while passing through, and just after exiting, outlet pipe
108 compared to the straight cylindrical pipe at the same water throughput (1000 liters per hour). Even at the higher
water throughputs of 1000 and 3500 liters per hour, the outlet pipe 108 results in exiting water having a velocity similar
to, or less than, the straight cylinder pipe at 300 liters per hour. The electroflotation apparatuses 100, 200, 300, 400 are
expected to be capable of treating waste water at flow rates of up to 4000 1/h while simultaneously facilitating aggregation
of flock formed during the treatment.
[0043] The beneficial effect of the outlet pipe 108 was demonstrated by measuring the quality of treated water obtained
from passage of municipal waste water through an electroflotation apparatus 100 fitted with outlet pipe 108 and a straight
cylindrical pipe i.e. a pipe with a constant diameter (d1 = d2 = 50 mm) and having the same length (1) as outlet pipe 108.
All other experimental conditions were constant. The quality was determined by measuring the turbidity of the treated
water using a nephelometer. A person skilled in the art will understand that turbidity is the cloudiness or haziness of a
fluid caused by large numbers of individual particles that are generally invisible to the naked eye. The measurement of
turbidity is a key test of water quality.The results are shown in Table 1.

Table 1 Turbidity measurement of outgoing purified water from municipal waste water. NTU = Nephelometric Turbidity 
Units.

Flow (1/h)
Turbidity (NTU) of water after treatment with 

electro flotation apparatus 100 fitted with a straight 
cylinder outlet pipe

Turbidity (NTU) of water after treatment 
with electro flotation apparatus 100 and 

outlet pipe 108

300 33,5 14

600 54,9 18

900 61,4 19,9

1100 41,6 22,1

1200 63,3 29,8

1500 59 35,4

1800 63,6 34,6

1900 56,5 34,1

2000 67,2 44,5

2100 82,9 42,6
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[0044] As can be seen in Table 1, the turbidity of the treated water was significantly less (in fact often 2- to 3-fold less
at most flow rates) when conical outlet pipe 108 was used instead of a straight cylinder pipe in the electro flotation
apparatus 100. This shows the quality of the treated water is much higher after passage through an electroflotation
apparatus 100 fitted with outlet pipe 108 rather than a straight cylindrical pipe.

Claims

1. An electroflotation apparatus (100) for removing impurities from waste water comprising:

an electrolytic cell (104) for treating the waste water and having a cylindrical space where waste water is
electrolysed and a flock containing the impurities is generated;
a water outlet (124) to remove treated water from the apparatus (100);
an outlet pipe (108) having a linear central axis (A) located co-axially with the electrolytic cell for passing the
treated water and flock rising up and out of the electrolytic cell (104) to the separation area (112), the outlet
pipe (108) comprising:

a first end having a cylindrical portion (116) that is connected to the top of the electrolytic cell (104) and
having a first diameter (d1);
a second end through which the treated water and flock exit the outlet pipe (108), the second end having
a second diameter (d2); and
a length (1) extending between the first diameter (d1) and the second diameter (d2);
wherein the ratio of the second diameter (d2) to the first diameter (d1) is between 1.5:1 and 6:1; and
wherein the ratio of the length (1) to the first diameter (d1) is between 7:1 and 45:1;
in order that the outlet pipe (108) reduces the turbulence of the treated water from the electrolytic cell (104)
before the treated water is passed to the separation area (112) such that aggregation of the flock in the
separation area (112) is increased;
wherein the separation area is a cylindrical tube (112) extending above the outlet pipe (108) having a
cylinder diameter (d3), and the ratio of the cylinder diameter (d3) to the second diameter (d2) is at least
1.5:1, preferably between 2:1 and 30:1, more preferably between 6:1 and 24:1.

2. The apparatus (100) according to claim 1, wherein the ratio of the second diameter (d2) to the first diameter (d1) is
between 2:1 and 5:1, and preferably between 2.5:1 and 4:1.

3. The apparatus (100) according to claim 1 or claim 2, wherein the ratio of the length (1) to the first diameter (d1) is
between 10:1 and 30:1, preferably between 14:1 and 22:1.

4. The apparatus (100) according to any one of claims 1 to 3, wherein the outlet pipe is a truncated cone (108) or a
truncated hyperbolic cone (509).

5. The apparatus (100) according to claim 4, wherein the aperture (2θ) of the truncated cone (108) is less than 10°,
preferably between 3° and 8°, even more preferably between 5° and 7°.

6. The apparatus (100) according to claim 1, wherein the cylindrical portion (116) is between about 30 mm to 70 mm
long, preferably about 50 mm long.

Patentansprüche

1. Eine Elektroflotationsvorrichtung (100) zum Entfernen von Verunreinigungen aus Abwasser, umfassend:

eine Elektrolysezelle (104) zur Behandlung des Abwassers, die einen zylindrischen Raum aufweist, in dem das
Abwasser elektrolysiert wird und eine die Verunreinigungen enthaltende Flockung erzeugt wird, einen Wasser-
auslass (124), um behandeltes Wasser aus der Vorrichtung (100) zu entfernen,
ein Auslassrohr (108) mit einer linearen zentralen Achse (A), die koaxial zu der Elektrolysezelle angeordnet ist,
um das behandelte Wasser und die aufsteigende Flockung aus der Elektrolysezelle (104) zu einem Trennbereich
(112) zu transportieren, wobei das Auslassrohr (108) umfasst:
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ein erstes Ende mit einem zylindrischen Teil (116), der mit der Oberseite der Elektrolysezelle (104) ver-
bunden ist und einen ersten Durchmesser (d1) aufweist,
ein zweites Ende, durch das das behandelte Wasser und die Flockung das Auslassrohr (108) verlassen,
wobei das zweite Ende einen zweiten Durchmesser (d2) aufweist, und
eine Länge (l), die sich zwischen dem ersten Durchmesser (d1) und dem zweiten Durchmesser (d2) erstreckt,
wobei das Verhältnis des zweiten Durchmessers (d2) zu dem ersten Durchmesser (d1) zwischen 1,5:1 und
6:1 beträgt, und
wobei das Verhältnis der Länge (l) zu dem ersten Durchmesser (d1) zwischen 7:1 und 45:1 beträgt,
damit das Auslassrohr (108) die Turbulenz des aus der Elektrolysezelle (104) austretenden behandelten
Wassers reduziert, bevor das behandelte Wasser in den Trennbereich (112) gelangt, so dass die Ansamm-
lung der Flockung in dem Trennbereich (112) größer wird,
wobei der Trennbereich eine zylindrische Röhre (112) mit einem Zylinderdurchmesser (d3) ist, die sich
oberhalb der Auslassröhre (108) erstreckt, und das Verhältnis des Zylinderdurchmessers (d3) zu dem
zweiten Durchmesser (d2) wenigstens 1,5:1 beträgt, vorzugsweise zwischen 2:1 und 30:1, weiter bevorzugt
zwischen 6:1 und 24:1.

2. Die Vorrichtung (100) gemäß Anspruch 1, wobei das Verhältnis des zweiten Durchmessers (d2) zu dem ersten
Durchmesser (d1) zwischen 2:1 und 5:1 beträgt, vorzugsweise zwischen 2,5:1 und 4:1.

3. Die Vorrichtung (100) gemäß einem der Ansprüche 1 oder 2, wobei das Verhältnis der Länge (l) zu dem ersten
Durchmesser (d1) zwischen 10:1 und 30:1 beträgt, vorzugsweise zwischen 14:1 und 22:1.

4. Die Vorrichtung (100) gemäß einem der Ansprüche 1 bis 3, wobei das Auslassrohr ein Kegelstumpf (108) oder ein
hyperbolischer Kegelstumpf (509) ist.

5. Die Vorrichtung (100) gemäß Anspruch 4, wobei die Öffnung (2θ) des Kegelstumpfs (108) weniger als 10° beträgt,
vorzugsweise zwischen 3° und 8°, weiter bevorzugt zwischen 5° und 7°.

6. Die Vorrichtung (100) gemäß Anspruch 1, wobei der zylindrische Teil (116) zwischen etwa 30 mm und 70 mm lang
ist, vorzugsweise etwa 50 mm lang ist.

Revendications

1. Appareil d’électroflottation (100) destiné à éliminer des impuretés d’eaux usées, comprenant :

une cellule électrolytique (104) destinée à traiter les eaux usées et comportant un espace cylindrique dans
lequel les eaux usées subissent une électrolyse et dans lequel est généré un floc contenant les impuretés ;
une sortie d’eau (124) permettant de retirer l’eau traitée de l’appareil (100) ;
une conduite de sortie (108) ayant un axe central linéaire (A), située coaxialement à la cellule électrolytique
destinée à faire passer l’eau traitée et le floc montant et sortant de la cellule électrolytique (104) vers la zone
de séparation (112), la conduite de sortie (108) comprenant :

une première extrémité comportant une partie cylindrique (116) qui est reliée au sommet de la cellule
électrolytique (104) et ayant un premier diamètre (d1) ;
une seconde extrémité par l’intermédiaire de laquelle l’eau traitée et le floc (108) sortent de la conduite de
sortie (108), la seconde extrémité ayant un second diamètre (d2) ; et
une longueur (l) s’étendant entre le premier diamètre (d1) et le second diamètre (d2) ;
dans lequel le rapport du second diamètre (d2) au premier diamètre (d1) s’inscrit dans une plage de 1,5:1
à 6:1 ; et
dans lequel le rapport de la longueur (l) au premier diamètre (d1) s’inscrit dans une plage de 7:1 à 45:1 ;
afin que la conduite de sortie (108) réduise la turbulence de l’eau traitée provenant de la cellule électrolytique
(104) avant que l’eau traitée ne passe dans la zone de séparation (112) de façon à augmenter une agrégation
du floc dans la zone de séparation (112) ;
dans lequel la zone de séparation est un tube cylindrique (112), s’étendant au-dessus de la conduite de
sortie (108), ayant un diamètre de cylindre (d3), et le rapport du diamètre de cylindre (d3) au second diamètre
(d2) est supérieur ou égal à 1,5:1, s’inscrit de préférence dans une plage de 2:1 à 30:1, et l’on préfère
davantage de 6:1 à 24:1.
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2. Appareil (100) selon la revendication 1, dans lequel le rapport du second diamètre (d2) au premier diamètre (d1)
s’inscrit dans une plage de 2:1 à 5:1 et, de préférence, de 2,5:1 à 4:1.

3. Appareil (100) selon la revendication 1 ou la revendication 2,
dans lequel le rapport de la longueur (l) au premier diamètre (d1) s’inscrit dans une plage de 10:1 à 30:1, de
préférence de 14:1 à 22:1.

4. Appareil (100) selon l’une quelconque des revendications 1 à 3, dans lequel la conduite de sortie est un cône tronqué
(108) ou un cône hyperbolique tronqué (509) .

5. Appareil (100) selon la revendication 4, dans lequel l’ouverture (2θ) du cône tronqué (108) est inférieure à 10°, on
préfère qu’elle soit comprise entre 3° et 8°, on préfère même davantage entre 5° et 7°.

6. Appareil (100) selon la revendication 1, dans lequel la partie cylindrique (116) a une longueur s’inscrivant dans une
plage d’environ 30 mm à 70 mm, on préfère qu’elle ait une longueur d’environ 50 mm.
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