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(57) ABSTRACT

A method is disclosed in which water is pumped continuously
into one end of a container, the pollutants are captured and
floated to the surface, the treated and cleaned water flows out

the other end and the floated pollutants are removed. In one
embodiment, the system consists of at least one container that
has a set of electrically active plates and a mechanism for
capturing and removing the pollutants that are floated to the
surface by the electrically active plates. Multiple containers
can be connected in series and used for similar or separate
purposes to remove the pollutants. In another embodiment,
the single container is partitioned into a multiple of chambers.
Each chamber can be used for a similar or separate purpose,
which purpose depends upon the application. In both embodi-
ments, the primary reaction consists of electroflocculation, in
which a low voltage is applied across a set of metal plates.
This liberates metal ions and gas bubbles. The metal ions
capture the pollutants and the gas bubbles float them to the
surface. The whole process is done in a manner in which the
floated pollutants form a stable layer on the surface of the
flowing water. Different sets of metal plates can be used in
separate chambers to remove different pollutants. The voltage
to the plates is controlled in such a manner as to provide a
known charge dose to the water as it passes through the
apparatus at a Known rate. This is controlled by monitoring
and controlling both the rate at which the water flows and the
rate at which the electric charge is imparted through the water.
In operation water is pumped into the first chamber where it is
treated with the first set of plates. It can then flow into a second
chamber, with a barrier mechanism that limits the surface floe
from flowing with it. This process can be repeated in other
chambers until the water is adequately treated with different
sets of plates. The water can then flow into additional cham-
bers in which much of the residual floe and bubbles floats to
the surface. Each chamber has a wall over which the floe can
flow into a drain mechanism, and a mechanism for getting the
floe to flow over the wall. In this manner these continuous
flow electroflocculation water treatment systems operate like
a membrane free filter or a chemical free dissolved air flota-
tion system.
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CONTINUOUS FLOW
ELECTROFLOCCULATION WATER
TREATMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims
priority to U.S. patent application Ser. No. 14/115,837, filed
Feb. 25, 2014, which is a U.S. National Stage Entry of Inter-
national Application No. PCT/AU2012/000478, filed May 3,
2012, which claims priority to Australian Patent Application
No. 2011202095, filed May 6, 2011, each of which is hereby
incorporated by reference in its entirety.

BACKGROUND

[0002] Increasing population and industrialization of the
world’s economies means the demand for fresh clean water
for use has increased while the supply has decreased because
of the increased pollution of many fresh water sources. In an
attempt to overcome this, there has been the realization that a
number of quite large polluted water sources need to be
cleaned before the water can be either disposed to the envi-
ronment or reused. The volumes of water and their pollutant
loadings are such as to make filters unsuitable for all but the
most lightly polluted water sources. Chemical dosing with
large settling ponds is a possibility for smaller volumes of
water, where reasonably sized ponds are acceptable to store
the water over a few days. Chemical dosing adds to the
salinity of the water and salinity of many water tables is
already a significant problem. Using dissolved air flotation
(DAF) systems is another possibility, but their costs are high
and they require chemicals. Electrolytic water treatment sys-
tems offer the possibility to treat large volumes of water
without the disadvantages of the other two systems.

[0003] Electroflocculation, one of the electrolytic water
treatment techniques, involves the passage of an electric cur-
rent between two electrodes, at least one of which is a metal
that gives off flocculating ions, either AI"™* or Fe™** when
used as an anode. These metal ions adhere to pollutants in the
water, flocculating them. Cathode reactions include the gen-
eration of H, gas micro bubbles. If the system is arranged
correctly, these gas micro bubbles capture the flocculated
particles and float them up to the surface, from where they can
be easily removed.

[0004] This process has been successfully employed for
small volumes of water at rest in closed containers. In this
technique, water is pumped into a container, treated, allowed
to rest while the remaining pollutants and gas bubbles float to
the surface and then pumped out. It is not suitable for large
volumes of water because of the times to pump the water into
the container and pump it out again. As the volumes get larger,
the time to pump the water in and out of large containers
makes the process less viable.

[0005] There are many situations where it is desired to treat
large volumes of water per day. Some electrolysis based water
treatment systems have been developed that can dose mega
litres of water per day with metal ions. Most of these involve
the use of filters to remove the pollutants after they have
reacted with the metal ions. This poses serious problems if the
water is heavily polluted or contains substances such as oil
that can foul filters. Some involve the use of open containers
with plates such that the water flows through and is floccu-
lated. However there the objective is flocculating the pollut-
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ants, with pollutant removal still occurring by using filters or
settling tanks. Still others use closed containers with the
flocculated particles and bubbles in the water being carried
through to the separation phase (either filters or settling).
These all have a number of disadvantages as far as operating
efficiency is concerned

[0006] These problems can be overcome in a system that
enables the water to flow continuously while the pollutants
are floated to the surface and removed. It is the objective of the
apparatus described in this application to demonstrate a
mechanism by which the bubbles generated by the electro-
Iytic process can be used directly to capture the pollutant
particles flocculated by the Al and/or Fe metal ions, float them
to the surface where they remain, to be removed without the
need for any additional foaming or floc capture chemicals, or
using a filter to remove them. It should be noted that this
process is scaleable in size and the same criterion can apply
for small and large sized systems.

THEORY

[0007] The main process in the treatment of water by elec-
trofloculation is the passage of an electric current between
metal plates immersed in water, across which an electric
potential has been applied. Such a current will liberate ions at
the plates, according to the following reactions.

Anode
[0008]
Fe-3e-—Fe™* 1
Al-3e-— Al Q
2H,0-4e-—0,+4H" G
Cathode
[0009]
2H,0+2e-—H,+20H- @

These reactions generate the flocculating metal ions AI***

and Fe*** as well as gas bubbles, both H, and O,. As such this
process has the theoretical capability to generate the require-
ments for the flocculation process to capture the pollutant
particles and the gas bubbles to float them to the surface. It
remains necessary to demonstrate the circumstances under
which this could occur in practical manner.

[0010] The Al and Fe metal ions go into solution at almost
the same rate at which the gas molecules are produced. They
can be produced in the same region if the electrodes are large
plates placed approximately vertically in the water with the
separation distance much less than the height and width of the
plates. Experience has shown that the most efficient method
of getting the electroflocculation reaction to occur is by hav-
ing alow voltage applied across large area plates. The passage
of an electric current between electrodes is approximately
proportional ohms law, namely

I=(V-e)/R, V>e (5a
I=0, V<e (5b

where [ is the current that passes between the electrodes with
avoltage V applied across them, e is the surface work function
or electric potential required to generate the ions and R is the
effective resistance. For water of a given conductivity, R is
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approximately linearly proportional to the area of the elec-
trodes and inversely proportional to the electrode separation
distance. As such, it is important to have the electrodes par-
allel to each other with a large surface area in such a manner
as to provide the minimum resistance to the passage of elec-
tric current between the plates. As can be seen from equation
Sa, once there is sufficient voltage available, an electric cur-
rent will pass through the water. This will give rise to the
reactions 1 through to 4, in an almost linear response above
the minimum voltage.

[0011] Once the passage of current starts, the voltage
applied determines the rate at which the reaction occurs for a
given pate area and water conductivity. In order to get the gas
bubbles to efficiently capture the pollutants and float them to
the surface, the gas bubbles must not be too large. These
bubbles are produced at the time the electric current passes
from the plates to the water. If the density of the electric
current is low, less than approximately 300 amps per sq m, the
gas bubbles are released from the plate before they have a
chance to grow too large, essentially staying as what is called
micro bubbles. The micro bubbles efficiently capture the pol-
lutants that have been captured by the flocculating Al and Fe
metal ions and float them to the surface. In particular, this
process is most efficient with aluminium ions. As such, the
use of a low current density for the application of a voltage
across plates in polluted water is particularly useful to get the
correct combination of aluminium metal ions and micro
bubbles to get the captured pollutants to stay on the surface. It
is more useful for aluminium than iron because aluminium is
a lighter metal than iron and as such is more likely to stay on
the surface when supported by gas bubbles.

[0012] As the current density increases, that is the voltage
increases for a given plate area, or the conductivity of the
water increases, the bubbles grow at a faster rate and conse-
quently grow larger before they detach from the plates. The
larger bubbles move faster up through the water. This has two
effects. First some of the bubbles do not stay at the surface
when they reach it. They reach the surface and break or
“bounce” off, going back into the water and taking the pol-
Iutants attached to them with them. The larger bubbles also
mean that the floc that forms is not as stable. This occurs
because the finer are the bubbles that form in the floc, the
more stable is the floc. The coarser the bubbles, the less stable
is the floc. Second the larger bubbles move up faster, dragging
the water with them to produce significant turbulence in the
water. This turbulence drags the flocculated pollutants
around, stirring up the water and not allowing the flocculated
pollutants to settle to the surface, causing many to sink to the
bottom of the vessel. There, removal is much more difficult
than if they remain on the surface. Therefore it is important
that the density of the electric current be selected so that the
bubbles are formed at the size appropriate for the reaction to
produce a stable floc that remains on the surface, from where
it can be easily removed.

[0013] This is easily done when the current density is low,
of the order of 100 amps per sq m. This is relatively easily
achieved when it is desired to treat small volumes of water in
large containers. However it places limitations on the process
when it is desired to treat large volumes of water in a rapid and
efficient manner. If the current density is too low, the reaction
will occur, but insufficient volumes of water will be treated
for the size and cost of the equipment, as to make it too capital
intensive to be considered for many applications. It is appar-
ent that current densities of greater than approximately 1000
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amps per sq m are too fast for adequate micro bubble forma-
tion. At such a level, the current density is too high and the
bubbles will be too large for a stable floc layer to form on the
surface. The ability to treat the water with the correct current
density under the correct circumstances offers a significant
advantage in the electrolytic treatment of polluted waters. Itis
the achievement of this for which the device described herein
is designed.

[0014] To achieve the desired outcome of treating the water
at a rapid rate in such a manner that the pollutants float to the
surface from where they are removed, it is essential that the
water flows continuously through the water treatment system
in such a manner that it does not carry the floc with it as it
flows through the system. This is determined by using a
sufficiently large volume for the flow rate, ie, matching the
flow rate to the volume and current density.

[0015] To get the system to float the pollutants to the sur-
face in a continuous flow process, the first requirement is for
an open top container. If the container does not have an open
top in a continuous tlow system, it is difficult to remove the
floating floc. It would be appreciated by anyone skilled in the
art that an open top is one that is exposed to atmospheric
pressure and may include a closed top that keeps out the
weather, and which possess an outlet from which the removed
floc can escape.

[0016] Observations show that the passage of an electric
current through water, which gives rise to the gas bubbles,
results in the gas bubbles rising and taking the surrounding
water with them. In turn, this results in the water above the
electrodes rising through the container, the rate of that rise
being approximately proportional to the amount of gas gen-
erated. In any event, the water will rise at the rate of a few cm
per second, depending upon the activity. The system should
be developed such that the flow of water into the system is
below the electrodes. In that manner the upward flow of water
through the system will work with the upward flow of water
generated by the gas bubbles, making the process more effi-
cient.

[0017] Having treated the water with the correct current
density and flow rate, the flocculated particles will rise to the
surface and stay there. For maximum efficiency, the water
must then exit the container in such a way that it prevents the
floc from flowing out with the water. This is best achieved by
making sure that all the water rises to the top before it exits the
container, giving the floc the best opportunity to reach the top.
Then steps must be taken to make sure the water doesn’t take
the floc with it when it exists the container. This can be
achieved by making the floc flow over a partition or wall near
the end of the container, with a restraining barrier somewhat
above the wall that prevents the floc from reaching the water
beyond the wall. For best results the water should always have
a laminar flow, so that there is no turbulence to pull the floc
with it. This requires the height of the wall to be a compromise
between being sufficiently high that the water has to reach the
surface before flowing over it and sufficiently low that the
water flows over it in a laminar manner.

[0018] Itwill be obvious to anyone skilled in the art that the
floc will simply accumulate on the surface of the container
and will need to be removed. There are many methods by
which floc can be removed and some of these are presented in
the description of the apparatus.

[0019] The two best metals for electroflocculation are iron
and aluminium. It is apparent that, while both remove pollut-
ants, they have different efficiencies for different pollutants.
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Inparticular, iron is good at breaking down emulsified oils, as
well as capturing a number of iron insoluble chemicals such
as arsenate and cyanide, changing the equilibrium of some
pollutants and removing an array of smaller organic mol-
ecules. Unfortunately iron also sends the water a rusty red
colour if too much is dosed into the water. Aluminium is good
for removing suspended solids and in producing the stable
floc so necessary for the pollutant removal in this one step
process. As such it is often advantageous to have the water
pass through at least two stages of treatment to remove the
suspended or dissolved pollutants.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows an embodiment of an apparatus;
[0021] FIG. 2 shows an oblique end elevation view of the
apparatus of FIG. 1;

[0022] FIG. 3 shows a side elevation view of the apparatus
of FIG. 1;
[0023] FIG. 4 shows a side sectional view of an example

arrangement of electrically active plates within the apparatus
of FIGS. 1 and 2;

[0024] FIG. 5 is aplan view of example plate sets that may
be activated by connecting them to an electric power supply;
[0025] FIG. 6 is a sectional view of an embodiment of a
dual container facility operating in series, including elec-
trodes;

[0026] FIG. 7 is a sectional view of an embodiment of a
three container system, with the second container used for
electrodes and the third container used as a rest container;
[0027] FIG. 81is a sectional composite view of an example
single container separated into multiple compartments;
[0028] FIG.9is an oblique sectional composite view of the
apparatus of FIG. 7;

[0029] FIG. 10 is a detail of the role of example partitions/
barriers in directing water flow to reduce floc passage from
one chamber to the next;

[0030] FIG. 11 is an illustration of an example of a con-
trolled water level mechanism;

[0031] FIG. 12 is an illustration of an example mechanism
of generating a wave to remove the floc from the container;
[0032] FIG. 13 is an illustration of an example mechanism
to provide a controlled constant dose rate of electric charge;
and

[0033] FIG. 14 is an illustration of an example control
mechanism for a continuous flow electroflocculation based
water treatment system that can provide a constant dose of
electric charge to a given volume of water, which dose rate is
determined by the volume of water flowing and the amount of
pollutant in that water that needs to be removed.

APPARATUS

[0034] An important aspect of this process is that the water
to be treated is given the correct treatment dose for each unit
volume of water to be treated. That is, if the water required a
dose of 100 coulombs of electricity per litre of water to be
treated, it is important that 100 coulombs of electricity pass
through the system for each litre of water that passes through
the system. There are several conditions under which this can
be achieved.

[0035] 1) Pass the electric charge through the water at a
constant rate and pump the water through the system at a
constant rate such the rate of passage of electric charge equals
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the rate of passage of water multiplied by the coulombs per
unit volume of water required for adequate treatment of that
type of water.

[0036] 2) Pass the electric charge through the water using a
mechanism such that the rate of passage of electric current
controls the rate at which the water is pumped through the
system, in a manner that the coulombs passed through the
water equals the desired coulombs per unit volume for the
water to be treated.

[0037] 3) Pass the water through the system using a mecha-
nism such that the rate of passage of water controls the rate at
which the electric charge is passed through the system, such
that the coulombs passed through the water equals the desired
coulombs per unit volume for the water to be treated. It is
obvious to anyone skilled in the art that these could be used
independently or in conjunction with either of the other two,
in such a manner that the coulombs passed per volume of
water is maintained at a relatively constant level, which level
could vary by few percent without greatly affecting the integ-
rity of the process. This involves the use of a known water
flow rate and a known rate of charge dosing. Ideally this is
best achieved with a constant flow rate and constant current
power supply.

[0038] Itisobviousto anyoneskilled in the art that there are
several different methods of obtaining a constant flow rate of
water and its use is not the subject of proprietary information.
The apparatus requires the use of a raw water source which
has some control or limitation such that water can enter the
system at a known or controlled rate.

[0039] FIG. 1 illustrates one mechanism by which the con-
stant flow of water can be known and maintained. In this
illustration, the raw water supply 1 is connected to the system
inflow 8 via the pipe 3, which pipe includes the optional
service valves 9, installed for easy servicing. The pump 10 is
a normal constant flow pump. Once it is turned on, water
flows through the flow meter 2, which sends a signal to the
controller 8, via the connection 7. The controller 6 is pro-
grammed to deliver a constant flow of water to 8. If the
controller 8 senses that the flow through the flowmeter 2 is too
low, it sends a signal via connection 5 to the restriction valve
11 causing the restriction valve to open its restriction a little
wider and allow more water to flow. In the same manner, if the
controller 6 senses that the flow through the flowmeter 2 is too
high, it sends a signal via connection 5 to the restriction valve
11, causing the restriction valve to close its restriction a little
narrower and cause less water to flow. For safety purposes the
raw water supply could includes level switch 12 which shuts
the pump down when there is no longer any water available to
treat. It also sends a signal to the controller 6 to stop the
system from further processing the water.

[0040] For this continuous flow technique to work, the
water must flow into a container that has a set of metal plates
that can be activated as indicated above. This will cause the
water to flow through the system with the majority of the
pollutants being captured and floated to the surface where
they will form a stable layer. One object of this invention is to
provide a mechanism that separates the captured pollutants
from the treated water, allows the treated water to flow out and
the captured pollutants to be retained and removed separately.
One embodiment of this is shown in FIGS. 2, 3 and 4.
[0041] The apparatus requires at least one open top con-
tainer 22 to be mounted substantially horizontal, which con-
tainer has a water inlet 24 substantially at one end and a water
outlet 26 at any convenient position substantially at another



US 2016/0016828 Al

end of the tank, preferably substantially opposite the inlet 24.
Preferably it has a sloping bottom 23, and at least one outlet
28 at the bottom, connected to a drain 29, from which the
water can be drained if and/or when it is required for servicing
or other tasks. The drain 29 has a valve 27 that can be opened
when required to drain settled material from the bottom when
its buildup gets too high, but otherwise remains closed during
operation. The bottom 23 can either be flat or sloping. If
sloping, the bottom 23 can be in three dimensions, instead of
just the two dimensions illustrated and can be of any reason-
able angle that does not make the apparatus too tall, with 45°
being preferable. Angles of approximately 15°, 30° and 60°
could be considered adequate. The container could include a
partition 25 close to the outlet end of the container, which
partition extends from the bottom of the container to below
the lowest upper level 21 of the container. The design should
be such that the water flows in at the inlet end, through the
volume of the container and over the partition 25 at the outlet
end before it flows out the outlet. The operating process will
build up floc at the top of the water and a barrier 32 can be
placed before the overflow edge so as to prevent much of the
surface floc from flowing out with the water.

[0042] Inpractice, aplate set 31, see FIG. 4, is placed in the
container 22. When activated by applying a DC or rectified
AC voltage it will generate bubbles and flocculating metal
ions in the water. The bubbles will circulate the water within
the container 22 and carry flocculated pollutants to the sur-
face. To limit the floc and bubbles flowing over the wall 25, it
is desired to have a barrier 32 that causes the water that flows
over the wall 25 to be collected from a region below the
surface level of the water at which the bubbles and pollutants
accumulate as a floc. Some will still flow up between partition
32 and wall 25, but these will only be a small fraction of the
floc that is accumulated within the remainder of the chamber.
It should be pointed out that the floc is sufficiently stable that
once reaching the surface it will not flow out of the container
if the water level is somewhat above the top of partition 25. In
this case the walls of the container 21 and the position of the
outlet 26 are sufficient to separate the floc and water.

[0043] The apparatus is operated such that the water level is
maintained at or just below the lowest wall 21. The means of
maintaining this is illustrated later, not in these figures. When
sufficient floc has accumulated on the surface of the water, it
can beremoved. There are many mechanisms of removing the
floating surface floc and some are discussed later. It is desir-
able that the lowest wall be substantially horizontal so that the
floc is removed uniformly from over the surface.

[0044] It is obvious to anyone skilled in the art that the
relative dimensions of the container are not critical. It can be
approximately cubic in shape, as illustrated in FIGS. 2 and 3.
Itmay be long, wide or tall. It may be cylindrical, oval shaped,
circular or any other geometry. Preferably the inlet and outlet
will be substantially opposite each other and there are advan-
tages in having the length and/or height longer and/or taller
than the width, but this is not critical. It is also obvious to
anyone skilled in the art that other partitions and/or barriers,
separate from partition 25 and barrier 32, can be used achieve
similar or improved results. The important feature here is that
some form of partition is used to restrict the flow of the floc
out with the treated water. As mentioned in the background,
these systems can be constructed and operated at any size that
is convenient to handle. This can include systems in which the
container dimensions are typically 0.3 m or smaller, 1.0 m or
smaller, 3.0 m or smaller, 10.0 m and smaller, 30 m and
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smaller, 100 m and smaller or greater than 100 m. The prin-
ciples are the same, the systems are able to be scaled to suit
these dimensions.

[0045] An example of a set of metal plates, 31, inserted in
the apparatus container is illustrated in F1G. 4. These substan-
tially parallel plates need to be supported somewhat above the
bottom of the container, such as to allow the water to enter at
a level below the bottom of the plates. It should be noted that
during operation the bubbles generated from reactions 3) and
4) will cause the water to rise through the plate set. When
operated correctly this will circulate the water several times
during its passage time through the apparatus and as such, it
is not necessary to have the water inlet 24 below the bottom of
the plate set 31. The reaction itself ensures the water passes
through the plates even if the inlet is above plates. However
for efficiency purposes it is desirable to have the water inlet 24
somewhere near the bottom of the plate set 31. In operation
the water 61 flows in through the inlet 24 and is circulated
through the activated plate set 31. This causes floc 62 to
accumulate on the surface of the water at the lowest level
edge. The barrier 32 and partition 25 restrict the floc from
flowing out with the water as it exits the container via the
outlet 26. In this manner much of the pollutant is captured as
a floc on the surface of the container, from where it can be
removed over edge 21. The mechanism is discussed later.

[0046] In order for the system to work, at least two of the
plates in the plate set 31 need to be electrically connected to
a power supply. This connection may be either directly from
a power supply or via a connection to a plate or plates placed
between plates of opposite polarity, such that when a voltage
is applied to the external plates, the passage of current
between the external plates causes intermediate plates to have
a voltage intermediate between the voltage of the external
plates. One example of this is shown in FIG. 5.

[0047] Several sets of parallel metal plates, 41, 45, 47, 48,
50 and 52 are held in position by a series of insulated spacers
44, with the total assembly supported by a stand 42. The
plates 41 are electrically connected to each other by a con-
nection 43, to which is attached an electrical lead 53. Such an
assembly constitutes one electrode, say the anode.

[0048] Interspersed between and/or surrounding plates 41
are another series of plates 45, which are connected via an
electrical connection assembly 46. This acts as a cathode to
the plates 41. In turn, the connection assembly 46 connects
plates 45 to plates 47. Interspersed between and or surround-
ing plates 47 is another set of plates 48. In their turn, plates as
are held together by the connection assembly 49, which also
electrically connects plates 48 to the set of plates 50. Inter-
spersed between and or surrounding plates 50 is another set of
plates 52, which is held together by an electrical connection
assembly 51 and to which is attached electrical lead 54. This
results in plates 52 acting as the cathode to the assembly. It is
apparent that the number of these joining sets of plates can be
increased or decreased as required and three interconnecting
sets as illustrated is one possibility. Other possibilities include
only one interconnecting set, two interconnecting sets, four or
more interconnecting sets.

[0049] It is apparent that if the water is highly conductive,
the path of least resistance for the electric charge to flow from
the anode to the cathode is via the water rather than through
the neutral electrode sets. To overcome this, it is desirable to
have insulating barriers 42 between the interconnected plate
sets. These barriers need to be of a sufficient area to limit the
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ability of the charged particles to flow around the barrier, thus
making the easiest path of current flow to be between the
interconnecting plate sets.

[0050] In operation, the whole plate set is immersed in
water, which the presence of ions makes electrically conduc-
tive. The application of a positive voltage to the lead 53 and a
negative voltage to the lead 54 results in the passage of ions
from plates 41 to plates 52. This occurs in a series of steps,
with ions first going from plates 41 to plates 45, taking elec-
tric charge and hence imparting a voltage to plates 45. In turn
plates 45 are connected to plates 47, giving plates 47 the same
voltage as plates 45. In the same manner, plates 47 are inter-
spersed and/or surrounded by plates 48, causing a passage of
ions between those sets of plates. In a similar manner plates
50 are connected to plates 48 via electrical connection 49.
Plates 50 are interspersed between and/or surrounded by
plates 62, which in this example are the cathode. This causes
ions to flow between plates 50 and 52, taking the charge from
the anode 41 to the cathode 52, completing the circuit.
[0051] This results in the passage of an electric current
between plates 41 and plates 52, such that plates 41 have a full
positive voltage, plates 45 and 47 have the same first inter-
mediate voltage, plates 48 and 50 have the same second
intermediate voltage, while plates 52 have the full negative
voltage. As an example if the voltage applied at lead 53 is +V
volts and the voltage applied to lead 54 is 0V, the voltage on
plates 41 will be +V, that on plates 45 and 47 will be an
intermediate voltage of approximately +%3 V, while that on
plates 48 and 52 will be approximately +%4 V and the voltage
on plates 52 will be 0 V. Plates 41 will act as the anode to
plates 45, which will act as the cathode to plates 41. In turn
plates 47, which are electrically connected to plates 45, will
act as the anode to plates 48, which will act as the cathode to
plates 45. In turn plates 50, which are connected to plates 45,
will act as the anode to plates 52, which is the cathode. In this
manner an electrical current will pass from the anode 41 to the
cathode 62. In so doing the current will pass three times
between an anode and cathode. This means that each unit of
electric current releases three units of reaction, making the
process more efficient in its use of electric current.

[0052] It should be noted that the electrical conductivity of
the water means that the ions can pass from the higher poten-
tial plates to the lower potential plates through the water, and
not just between the plates. In particular it is possible for ions
from plates 41 to move through the water directly to plates 52,
rather than having the ions pass directly from plates 41 to
45/47 and then to plates 48/50 and finally on to plates 52. To
reduce the possibility of this, insulators can be inserted
between the plate sets, which insulators extend well beyond
the physical limits of the plate sets. In the situation shown in
FIG. 5, the supports 42 are also the insulators and are shown
extended beyond the limits of the plates. The supports and
insulators may be separate entities. This significantly
increases the distance the ions need to flow to jump across the
electrodes, minimizing the jumping effect.

[0053] Itis obvious to those skilled in the art that there are
many shapes and forms in which the metal plates can be
assembled. The format is not important other than that it
enables the passage of an electric current between metal
plates to generate flocculating metal ions and gas bubbles.
[0054] FIG. 4 shows an example of a set of plates 31
inserted into the container 22. Water 61 flows in through the
inlet 24 at the bottom of the container 22 and passes up
through the plate sets 31, across which an electrical potential
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has been applied. This causes the reactions in equations 1
through 4 to happen, generating the flocculating Al and or Fe
ions, depending upon the metals used in the plate sets. These
flocculating ions capture the pollutants in the water, generally
making them grow larger. At the same time, the gas bubbles
released through reactions 3 and 4 will capture these floccu-
lated pollutant particles and float them towards the surface.
Provided the voltage applied across the electrodes results in a
charge density of less than 2000 coulombs per second per
square meter, the bubbles will generally be sufficiently small
that the motion they generate will not greatly disturb the flow
of the water and the bubbles carrying the flocculated pollut-
ants will adhere to the surface, generating a floc 62.

[0055] Itisobviousto anyoneskilled in the art that there are
different methods available in the industry to remove surface
floc from water. Some of these will be discussed later. The
important feature is that there is some mechanism available
that allows the floc to be removed during the process of
removing the pollutants from the water. In this method, a
single container can be used to separate the pollutants from
the water, in which the water flows in at one end, the pollut-
ants float to the surface and the treated water is drawn out
from near the bottom of the container. In this manner, the
container acts in the same manner as a filter, with the excep-
tions that the pollutants are floated to the surface instead of
being removed by being captured by the liter mechanism and
clogging up. This provides a significant advantage over other
electroflocculation or electrocoagulation techniques in which
the process either flocculates the pollutants and they are
removed by filters, or in which a batch process is used to
separate the floc.

[0056] Itisusually notpossible to remove all the pollutants
or adequately treat the water by passing it through a single
container apparatus, or by using just one type of metal plate
set. Experience indicates it is best to pass it through at least
two containers, with or without different metal plates in each
container. This can be achieved in an apparatus in which the
inlet of a second container having similar properties to the
first is attached to the outlet of the first container, as illustrated
in FIG. 6. In this double container system, water enters the
first chamber through its entry orifice 24, flows through the
plates and past the partitions to exit that chamber at the entry
to the second chamber 46, via the connection 35. Container 46
may contain a second plate set 38.

[0057] Experience has shown that the Fe and Al metals ions
are capable of removing different pollutants. As such it is
often desired to have both metals available to treat the water.
Because the aluminium is capable of removing the Fe ions, it
is, ina continuous flow mechanism, best to have the two metal
plate sets in different containers, with the iron plate set posi-
tioned before the aluminium plate set. Falling that, they could
be in one container at least separated from each other such
that most of the water must substantially flow through the iron
electrodes before flowing through the aluminium electrodes.
It is particularly advantageous to have the iron electrodes first,
followed by the aluminium electrodes in a separate container.
One method of achieving this is join two containers in series,
as illustrated in FIG. 6.

[0058] The water enters the first container 22 through the
inlet 24 and passes through the activated electrodes and over
the wall 25, passing into the second container 46 through a
flange or similar connection 35. In the second container 46,
which does not necessarily need to have the same configura-
tions as the first container 22, the process is repeated with the
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water passing out the outlet orifice 26. There are many ways
of employing a barrier system to keep the floc from flowing
out with the water. The second chamber in FIG. 6 shows
another means, illustrated by items 42, 43 and 44, which are
connected to the outlet 26. A threaded pipe 44 is connected to
the outlet 26. Fitting over or into the threaded pipe 44 is a
threaded cylinder 43, of substantially the same internal diam-
eter as the threaded pipe 44. Attached to that threaded cylinder
is a barrier 42 that extends sufficiently above the top of the
threaded cylinder to prevent the surface floc from flowing
over it. The barrier 42 may also extend below the threaded
cylinder 43. In operation the threaded cylinder and barrier
assembly 42/43 is screwed into the threaded pipe until it is
justbelow the top of the lowest edge 41 of container 46. In this
manner the treated water can flow over the top of the threaded
cylinder 43, down pipe 44 and exit the apparatus through the
outlet 26. By rotating the assembly 42/43 it is possible to set
the level of the water very precisely to be just below the level
of the overflow side 41. This makes removal of the surface
floc much easier.

[0059] Containers 22 and 46 should be set such that the
levels of the floc removal lowest sides, 21 and 41, should be at
the same horizontal level. In this manner, the adjustment of
the mechanism 42/43 sets the level of water for both the
containers, making floc removal easier. If this is not done,
then each container needs an outlet like items 42, 43 and 44 in
FIGS. 5 and 6, with successive containers at a lower level than
the first container. In that manner the level of the water in each
container can be controlled to be just below the level of the
lowest edge for each container.

[0060] It is also obvious that this process of joining con-
tainers in this manner can be repeated as many times as
required. From a practical point of view, it may be desired to
have the containers the same size, while at the same time
using significantly different treatment doses for the water
during the iron process than during the aluminium process.
For example there are many processes in which the water may
need only about 10% the iron dosage compared to the alu-
minium dosage. Although this could be achieved by having a
single container for the iron and another larger single con-
tainer for the aluminium, there are advantages in keeping the
size of the containers the same and increasing the number of
aluminium tanks. One ofthese advantages is that floc removal
is more efficient if the floc is kept in a smaller container, with
less surface distance for it to flow to be removed from the
system. For the same reason, taller containers with their
smaller surface area are preferable to squatter containers that
have a larger surface area for the same volume of water.

[0061] It is apparent the number of containers can be
increased well beyond the two indicated in FIG. 6. Preferably
each separate container could be used for a set of plates
composed of the one type. It is also possible that the residence
time of the water in the container is not sufficient to allow all
the bubbles, which carry the flocculated pollutants with them,
to rise to the surface. In this case, additional resting can be
achieved by passing the water through another container,
which could likewise be similar to the assembly shown in
FIGS. 2 and 3, or container 48 in FIG. 7. During the water’s
residence time in this sewing container, much of the residual
floc would float to the surface, allowing the water that flows
out the final outlet 26 to have less residual pollutants. It is
obvious to those skilled in the art that further rest chambers
can be placed at the end of the one shown in FIG. 6. Experi-
ence shows that the process of generating sufficient metal
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ions and gas bubbles to treat the water can be done quite
rapidly. However there is a minimum time required to achieve
good removal and floc accumulation on the surface. The time
varies between a few minutes to a few hours depending upon
the desired end result. As such multiple additional rest cham-
bers can be employed, with one, two, three, four or even five
or more being advantageous. Also it is apparent that the water
can be sent to another container after this treatment in order to
let the water rest externally. During that period the water will
settle out and the final pollutants will be removed. Times of
over 12 hours are often required to produce the best settle-
ment.

[0062] In another embodiment of the device, a single con-
taineris used, as illustrated in FIGS. 8,9 and 10. The sides and
bottom define a single open topped container 122, which has
an inlet 124 substantially at one end and an outlet 126 sub-
stantially at the other end. The container is divided into sepa-
rate chambers, using partitions 123, 125 and 128 as illus-
trated. These extend from the bottom, substantially making
water tight seal that extends nearly to the lowest side edge
121. These define individual chambers. One or more metal
plate sets, shown only in FIG. 10, can be placed into one or
more of these chambers. Typically two plate sets can be used,
one each in the first two chambers 131 and 132. Barriers 135,
136, 137 and 138 separate the single container into 5 com-
partments at the surface. The barriers 135, 136, 137 and 138
prevent the floc from flowing from one compartment to the
next. Each of the compartments has a valve 101 at the base,
which valve can be, opened periodically as required to drain
water and settled pollutant slurry when the buildup becomes
too great for efficient operation. The advantage of the sloping
bottom is that the slurry will travel out with the water. During
operation the valves 101 will normally be closed.

[0063] FIG. 10 illustrates the water flow through such a
system. Water flows in atthe inlet 124 and is acted upon by the
activated plate set 141. The generated bubbles cause the water
to circulate through the chamber 131 at a rate that will gen-
erally cause the water to circulate more than once during its
time in the chamber. This makes sure that most of the water
passes through the activated plates and all of it is exposed to
the reaction. Water then flows over, partition 123 and down
between it and barrier 135, to enter the second chamber near
the bottom of the activated electrodes 142. The water will
circulate more than once during its time of passage in the
chamber, before flowing over partition 125 and down
between 125 and barrier 136. It should be noted that barriers
135 and 138 do not need to extend all the way down to the
bottom of the electrodes. When a chamber has an activated
plate set, the water circulates, treating the water wherever it
enters. Obviously those barriers 135 and 136 need to be
sufficiently low that the water cannot flow directly across the
top of the chambers and take the floc with it.

[0064] In FIGS. 8,9 and 10, the remaining chamber 130
and compartments, 139 and 140, are rest volumes where there
are not necessarily any active plates. These are intended that
the water simply flows in a laminar flow into the third com-
partment, over the partition 128 into the fourth chamber and
compartment 139. There the water flows through it, under
barrier 138 into the fifth compartment 140. In operation the
flow rate should be set such that the great majority of the floc
is collected in the first four compartments, leaving only a
small amount flowing into the fifth compartment. During this
process, the floc and bubbles get close to the surface where
most stay. Those that continue from one compartment to the
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next are mostly caught in the next compartment in this man-
ner the floc removal is greatly increased over that of just a
single chamber container as illustrated in FIGS. 2, 3 and 4.
The water flows out the fifth compartment via the adjustable
level assembly 142, 143 and 144, which should be adjusted so
that the water level at all compartments is just below the
overflow edge 121.

[0065] Preferably the container should include a floc cap-
ture drain 181 outside it below the lowest edge. In this man-
ner, when the floc is forced over the edge, it drops down into
the capture drain and flows under gravity to a floc capture
container. From there it can be treated or disposed of in any
manner deemed suitable. Within the water treatment industry,
there are several ways of removing floc from the surface of
water. In dissolved air flotation (DAF) this is usually done by
scraping the floc over an edge out of the container. Other
methods include skimming the surface water so that the flow-
ing water drags the surface material with ft. The preferred
method is to generate a wave at the side of the compartment
away from the overflow edge. This wave action will send a
wave of water carrying the floc over the edge. One suitable
mechanism is shown in FIG. 12. In FIG. 12, the waves are
generated by a paddle, 168, which is approximately horizon-
tal and moved up and down by a motor 162. The motor rotates
turning a cylinder 163 to which a connecting rod 164 is
flexibly attached at one end. At the other end it is flexibly
attached to a bar 165. In turn the bar is connected to rods 166,
which slide through guides 167 at the bottom end of which is
attached the paddle 168. As the motor rotates, the paddle
moves up and down, generating a wave at the side of the
container or compartment away from the edge. This forces the
floc 170 towards the edge 121 and results in some of the floc
and some water splashing over the edge into the floc capture
drain. From there it flows down the pipe 160, from where it
may be directed in any suitable method for collection and/or
disposal. In the illustration in FIG. 8, it is connected to the
waste disposal pipe 102 which collects the waste drained
from the bottom of the compartments via the valves 101.

[0066] It should be noted that the same device can be used
for the single chamber containers illustrated in FIGS. 2, 3 and
4, and that each of the containers in FIGS. 5 and 6 can also
have its own wave generating device. The features of FIG. 11
translate directly across to the side views of the single con-
tainer devices. It is obvious to anyone skilled in the art that
pushing the containers 22, 46 and 48 in FIG. 7 together such
that their walls are common creates the same principle system
as indicated in FIGS. 8, 9 and 10 if it contained only three
compartments with the outlet 126/142/143/144 positioned in
chamber 130 and partition 128 extended to the top of con-
tainer 121. These two separate embodiments of this device are
the same principle, with only a slight difference in the appli-
cation.

[0067] The device shown in FIGS. 8, 9 and 10 has five
compartments and 4 bottom sealed chambers. It is obvious to
anyone skilled in the field that there is nothing special about
this number and there can be any number of bottom sealed
chambers and surface compartments built into the one con-
tainer. The greater the number of chambers and or compart-
ments the more the water can be treated or the longer the rest
period for the pollutants to settle out. It is also apparent to
those skilled in the art that the one container can be used to put
a different number of chambers and/or compartments
depending upon the requirements of the water to be treated.
For the same size container, fewer chambers and compart-

Jan. 21, 2016

ments means more water can be treated faster, with settling
occurring outside the container. More chambers and compart-
ments means that the water can be treated and rest inside the
one container, giving a higher quality water before it is dis-
charged.

[0068] It should be noted that the floc protection barriers
can be vertical or angled as required. Their function is to
reduce and/or minimize the floc flowing between cells, thus
reducing the number of cells required.

[0069] In all of these arrangements, the important features
are the use of open topped chambers some of which contain
electrodes across which an electric potential can be applied,
thus generating a floc which floats to the surface. The cham-
bers are preferably of approximately equal size and have
some form of barrier that reduces the amount of floc flowing
from chamber to chamber when the water between chambers.
It is desirable that the water enters near the bottom of each
chamber and passes out near the top. It is preferable that all
the chambers have an equal hydrostatic level, such that water
flowing through these chambers will be at substantially the
same level in each compartment. This enables the level to be
maintained by gravity and flow rate, rather than by the need
for adjustment using pumps or some other process.

[0070] One ofthe successes to removing the floc from each
of'the tanks is to make sure that the water level of each tank is
as close to the top of the container’s overflow edge, 21, 121,
as possible, without letting it overflow in normal operation.
One way of achieving this is to use the adjustable height outlet
indicated in items 42/43/44 connected to outlet 26, being the
same as items 142/143/144 connected to outlet 128.

[0071] Another method of achieving this is shown in FIG.
11. The outlet 26 of the final container is positioned near the
top of the container, at a level just below the top of the
overflow surface 21. As water enters the first container it will
continue to flow through the containers and out the outlet 26.
The water will always flow out the outlet provided water is
flowing in. A level sensor 82 may be placed above the upper
level of the pipe to detect if the water flow through the system
is too fast for the outlet. When it is too fast, the water level will
rise and activate level sensor 82, which will then Bond a
signal to a controller 86 through connection 83. In turn con-
troller 85 will send a signal via 84 to the input pump 10 of
FIG. 1, either slowing it down or stopping it until the water
level has dropped sufficiently to de-activate level sensor 82. It
is also possible to adjust the level at which the water will flow
out 26 by putting a level adjustment feature in or at the and of
26. This can be something as simple as adjusting the height of
a slightly flexible pipe, or rotating the position of an elbow at
the end of the pipe.

[0072] The above have illustrated embodiments of the
apparatus that allow the floc to remain on the surface. It is now
necessary to remove that floc during operation. A desirable
aspect of the apparatus is that the floc is collected in an orderly
manner and does not simply flow everywhere. [llustrations of
the mechanism of floc collection are given in items 160 and
161 of FIGS. 8, 9 and 12. A preferably sloping drain 161 is
located below the floc overflow wall, 21, 121 as appropriate,
substantially extending the length of the said wall. A drain
pipe 160 can be connected at the bottom of drain 161, such
that when the floc flows into drain 161, it flows down pipe 160
and is directed in any manner required for collection or dis-
posal. In FIG. 9, it is connected to the same drain outlet from
the bottom of the apparatus, giving a single waste collection
stream. Other mechanisms are possible.
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[0073] Innormal operation, the surface of the water would
be at or slightly below the overflow levels 21 or 121 of the
containers. When operation goes over a long time period, the
floc 170 builds up on the surface ifit is not removed, as shown
in FIG. 12. With the appropriately designed container, a good
mechanism of removing the floc is illustrated in FIG. 12.
Waves are generated by a paddle 168 at the side of the con-
tainer opposite the overflow wall 121.

[0074] The waves forces some of the water over the edge,
taking some of the floc with it and moving the floc near the
wave generator towards the edge 121. The floc flows into the
capture drain 161 and down the drain pipe 160, directed away
for any suitable disposal method. In this instance the mecha-
nism is driven by a motor 162 which drives a connecting rod
164, in this case by a cylinder 163 with an offset pivot point.
Rod 164 is connected to a bar 167 which moves further
connecting rods 166 through guides 167. The paddle 188 is
attached to the end of the rods. As the motor turns, the paddle
moves up and down and when appropriately positioned and
moved at the appropriate rate for the appropriate time it
generates a wave that moves the floc away from the paddle
end of the container to the overflow end, sending some of the
floc over the top of wall 121 into the drain 161. In this manner
some of the floc is removed. The process can be repeated at
convenient time intervals periodically removing the floc as it
builds up in continuous operation.

[0075] Itis obvious to anyone skilled in the art that the wave
generation device shown in FIG. 12 can be employed in a
number of different ways. One motor could power several
paddles in different compartments or containers, removing
the floc from them at the same time. Alternatively there could
be separate motors for individual compartments or contain-
ers, or for small groups or compartments or containers, such
that the floc from different parts of the process can be
removed at different times. It is also obvious to anyone skilled
in the art that any number of containers can be joined together
into the one apparatus. This number could be 3, 4, 5, 6, 7, 8,
9, 10 or more. These could also be joined together in either
series in which the water passes through different stages, or in
parallel, in which case greater volumes of water can be treated
simultaneously using smaller containers. In the same manner,
it is obvious that a single container can be subdivided into any
number of chambers and compartments, giving the same
benefits as described for joining individual containers
together.

[0076] To maintain the correct charge dosing per volume of
water treated, itis important that the charge per unit volume of
water treated always remains the same. The above has
described the method by which the water flows into the sys-
tem at a constant rate, the pollutants are captured in a floc that
is floated to the surface and removed, and the water flows out
again. It is important that the water receives a constant dose of
electric charge per unit volume of water treated. For this to
occur, the rate of charge delivery must be set to match the
volume of water flowing and the dose required per unit vol-
ume of water and that the charge dose remains matched to the
flow rate. This can be achieved by using constant current
power supplies for the voltage applied across the plate sets. A
constant current power supply can deliver the preset current
by adjusting its voltage so that the delivered current is always
the same as the preset current. It will do this up to its maxi-
mum voltage capability.

[0077] As such, the use of a constant current power supply
together with the constant flow method described above gives
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the capability to deliver the desired charge to the water all the
time. However there is always the possibility that the plates in
the plate sets could alter their properties such that the voltage
required to maintain the desired constant current can no
longer be delivered. To prevent the water from being under
treated and not all the pollutants being removed, it is essential
that the constant current power supply be monitored by a
controller, somewhat as illustrated in FIG. 13.

[0078] A constant current power supply 91 delivers an elec-
tric charge at a given rate to plate set 31 via electrical leads 53
and 54. The rate at which the charge is delivered is monitored
by a controller 94, via a connection 94. If the rate of charge
varies, the controller may include the option to send a signal
to the power supply to alter its voltage to bring the current to
the desired level. In this manner the desired rate of delivery of
electric charge can be maintained constant, within the capa-
bilities of the power supply. If the current drops below the
preset value because it exceeds the voltage capability of the
power supply, the controller 93 sends a signal to controller 6,
see FIG. 1, via connection 96, to slow down the pumping
speed so that the water is pumped in at the rate at which the
power supply is delivering charge to the plate sets 31. It also
has another outlet 98, which sends a signal to any other
controlled constant current power supplies, reducing the cur-
rent they give out to match the lowered output of that power
supply. In the event that another power supply is unable to
generate the necessary current, the controller also has aninput
99 whereby the outlet 98 from another power supply’s con-
troller sends a signal to this controller giving a signal for this
controller to reduce its current output to match the current
output of the power supply it controls to match the percentage
reduction of the other power supply.

[0079] FIG. 14 displays an example of the total control
mechanism for three power supplies, 91, 101 and 111.
Through connectors 5 and 7, controller 6 controls the flow
mechanism 130, an example of which is given in FIG. 1.
Through connectors 94 and 95, controller 93 controls power
supply 91. Through connectors 104 and 105, controller 103
controls power supply 101. Through connectors 114 and 116,
controller 113 controls power supply 111. Through connec-
tors 96,106 and 116, controllers 93,103 and 113 respectively
send their current status to controller 6. Through connectors
98, 108 and 118, controller 6 sends information to controllers
93, 103 and 113 respectively.

[0080] Ifone ofthe controllers 93, 103 or 113 senses that it
is not delivering sufficient current to adequately treat the
water, it sends a signal to controller 8 that it is unable to attain
the adequate current and by how much that current is below its
target setting. Controller 6 sends a signal to the pumping
mechanism to slow the current down, preferably by the
amount indicated by the controller with the low current. Con-
troller 6 also sends a signal to the other controllers that are
delivering adequate current to reduce their current according
to the lowest current output signal. With each controller main-
taining it control of its function and sending a signal to a
master controller 6, which controller oversees all operations,
it is apparent that the control ensures that all the water will
receive the dose appropriate for satisfactory treatment.

[0081] Inthis manner, polluted water flows in through inlet
24, through the activated plate sets 31, generating floc that
captures the pollutants and floats them to the surface. The floc
62 is removed by the system herein described and the water
flows out the exit 26 substantially free of the pollutants
present in it as it flowed in through the inlet 24. Should any of
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the parameters vary, for example one power supply is unable
to give the correct charge dose for a given water flow rate, the
system will adjust the parameters to ensure that the correct
charge dose is given for all water passing through the system,
ensuring that the water is adequately treated for the task at
hand.

[0082] Itis recognized thatthe process works best at a pH of
approximately 7. Should the pH of the raw water be likely to
be significantly different from 7, the water will need to be pH
adjusted before it enters the water treatment apparatus. This is
standard pH adjust facilities, which could be used as required.
Similarly it may be desirable to dose the water with appro-
priate chemicals before treating it. Again liquid and/or gas
chemical dosing facilities are standard equipment in the water
treatment industry, there is nothing special about any of them
and not mentioning specific chemicals that could be dosed
should not exclude the use of such dosing if required.

1-10. (canceled)

11. An apparatus for removing pollutants from water, the
apparatus comprising:

a set of electrodes that can be immersed in water, the set of

electrodes including:

a first electrode comprised of a first series of parallel
plates electrically connected to each other by a con-
nection;

a second electrode comprised of a second series of par-
allel plates electrically connected to each other and
interspersed between the first series of parallel plates;

a third electrode comprised of a third series of parallel
plates electrically connected to each other and to the
second electrode; and

a fourth electrode comprised of a fourth series of parallel
plates electrically connected to each other and to the
second electrode and interspersed between the first
series of parallel plates;

one or more spacers holding the first, second, third and

fourth series of parallel plates;

at least one stand supporting the first, second, third and

fourth series of parallel plates and the spacers; and

a power supply assembly electrically connecting one or

more plates in the first series of parallel plates to one or
more plates in the second series of parallel plates such
that, when immersed in water, ions are generated and
pass from the first electrode to the second electrode,
from where the ions are converted to electrical current
that is passed to the third electrode, from where the ions
generate another set of ions that travel to the fourth
electrode.

12. The apparatus of claim 11 wherein the first electrode is
an anode and the fourth electrode is a cathode.

13. The apparatus of claim 11 wherein one or more plates
in the series of parallel plates can generate at least one of
aluminum or iron ions.

14. The apparatus of claim 11 further comprising one or
more insulating barriers between the first and the second
series of parallel plates and the third and fourth series of
parallel plates.

15. The apparatus of claim 11 wherein the spacers are
insulated.

16. The apparatus described claim 11 in which itis inserted
in a container having at least one water inlet and outlet.

17. The apparatus as described in claim 16 in which a
controller is configured to adjust the rate at which water flows
through the water inlet to match the current passing through
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the water when the electrical potential is so applied to provide
the water being treated with a predetermined charge dose per
unit volume of water.

18. The apparatus of claim 17 wherein the controller is
arranged to monitor the current passed through the set of
electrodes and the rate at which the water flows through the
container and adjust the current passed through the set of
electrodes such that the charge dose delivered to a volume of
water by each of the first electrode and the second electrode is
the same.

19. The apparatus of claim 11 wherein the controller causes
a charge density provided by one or more of the first and
second electrodes to be less than 300 amps per square meter.

20. The apparatus of claim 11 configured to adjust the rate
at which water flows through the water inlet such that a
substantial portion of a floc having at least some the floccu-
lating metal ions and at least some of the pollutants accumu-
late on the surface of the water for subsequent removal.

21. A method for removing pollutants from water, the
method comprising the steps of:

substantially immersing a set of electrodes in water, the set

of electrodes including:

a first electrode comprised of a first series of parallel
plates electrically connected to each other by a con-
nection;

a second electrode comprised of a second series of par-
allel plates electrically connected to each other and
interspersed between the first series of parallel plates;

a third electrode comprised of a third series of parallel
plates electrically connected to each other and the
second electrode; and

afourth electrode comprised of a fourth series of parallel
plates electrically connected to each other and the
second electrode and interspersed between the first
series of parallel plates;

one or more spacers holding the first, second, third and

fourth series of parallel plates, and at least one stand

supporting the first second, third and fourth series of
parallel plates and the spacers; and

applying a positive voltage to a first electrical lead and a

negative voltage to a fourth electrical lead such that ions
are generated and pass from the first electrode to the
second electrode, from where the ions are converted to
electrical current that is passed to the third electrode,
from where the ions generate another set of ions that
travel to the fourth electrode.

22. The method of claim 21 wherein the first electrode is an
anode and the fourth electrode is a cathode.

23. The method of claim 21 wherein one or more plates in
the series of parallel plates can generate at least one of alu-
minum or iron ions.

24. The method of claim 21 further comprising one or more
insulating barriers between the first and the second series of
parallel plates on the one part and the third and fourth series
of parallel plates on the other part.

25. The method of claim 21 wherein the spacers are insu-
lated.

26. The method described in any of claim 21 in which the
electrode electrode set is inserted in a container having at least
one water inlet and outlet.

27. The method as described in claim 26 in which a con-
troller is configured to adjust the rate at which water flows
through the water inlet to match the current passing through
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the water when the electrical potential is so applied to provide
the water being treated with a predetermined charge dose per
unit volume of water.

28. The method of claim 27 further comprising monitoring
the current passed through the electrode configuration and the
rate at which the water flows through the container and adjust-
ing the current passed through the first electrode and the
second electrode such that the charge dose delivered to a
volume of water by each of the first electrode and the second
electrode is the same.

29. The method of claim 27 further comprising causing a
charge density provided by one or more of the first and second
electrodes to be less than 300 amps per square meter.

30. The method of claim 21 further comprising adjusting
the rate at which water flows through the water inlet such that
a substantial portion of a floc having at least some the floc-
culating metal ions and at least some of the pollutants accu-
mulate on the surface of the water for subsequent removal.
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