
WATER PURIFICATION METHOD AND APPARATUS INVOLVING
GENERATION OF BIPOLAR LAYER Description of Invention 5
This invention relates to a method of, and apparatus
for, purification treatment of water. The invention
has been devised in order to reduce the energy
consumption in such treatment for the purpose of
desalination of sea water, to provide potable water.
10 In many parts of the world the only way in which
the demand for potable water can be met is by
desalination of sea water, there being no other
practicable water source. Unfortunately, known
desalination techniques consume large quantities of
energy, aggravating the world's problems of energy
consumption. 15 There are two principal known
desalination techniques. The first is distillation, in
which the saline feed water is heated to produce steam
which is then condensed to provide water of the
required quality. Typically, for every 100 gallons of
sea water used, 15 to 50 gallons of fresh water would
be produced, the remainder being waste brine solution
containing a higher quantity of 20 dissolved solids
than the original sea water. Such waste brine is
discharged back to the sea. The other principal
technique used in desalination is reverse osmosis, in
which the intake sea water is supplied to one side of
a semi-permeable membrane 25 and subjected to high
pressure. Molecules of salt do not pass through the
membrane, but the water does, so that the water on the
other side of the membrane from the sea water is a
useable product. It is self evident that the energy
consumption associated with distillation as a 30
desalination technique is high, but the pressures
required for the reverse 



osmosis technique to function are so high that this
technique also has a highenergy consumption.
Accordingly it is an object of the present invention
to provide for water purification, e.g. desalination,
in a way in which energy consumption is lower.
According to one aspect of the invention, we provide a
method of water treatment to provide relatively
purified water from a supply containing dissolved
matter, comprising creating an electric field to cause
a hydration layer of water molecules to be established
in the supply water, and extracting the water from the
hydration layer. Preferably the method comprises
delivering the supply water to at least one treatment
surface; creating the electric field, to cause a
hydration layer to be established, in the vicinity of
the surface(s); and extracting the hydration layer
water from the vicinity of the surface(s). The
invention also provides apparatus for treating water
to provide relatively purified water from a supply
containing dissolved matter, comprising means for
creating an electric field in the supply water to
cause a hydration layer to be established therein, and
means for extracting the water from the hydration
layer. There may be means for delivering the supply
water to at least one treatment surface; means for
creating the electric field in the vicinity of the
treatment surface(s); and means for extracting the
hydration layer water from the vicinity of the
surface(s). The invention makes use of the principle
that when subject to an electric field, e.g. adjacent
a surface having an electric charge, water molecules
orient themselves in accordance with the field and
being polar molecules the 



structure of the hydrogen bond network in the water
molecules is changed. Around a charged particle a
hydration shell is established comprising a thinlayer
of oriented water molecules. The thickness of the
layer, in terms of molecules, depends on the magnitude
of the charge. In the hydration layer the water
molecules exclude other molecules and ions. Thus,
although the hydration layer is thin and of thickness
only that of a few molecules (the thickness depending
on the strength of the electric field at the surface)
the water in the hydration layer is substantially pure
water, which can be extracted for use with much less
energy being consumed in such extraction than if the
hydration layer were not present. Although
establishing the electric field involves some energy
consumption, the overall result is a reduction in
energy consumption. The treatment surface or surfaces,
at or in the vicinity of which an electric field is
created, may comprise a semi-permeable membrane, and
the water from the hydration layer in the vicinity
thereof may be extracted by subjecting the supply
water to pressure to cause osmotic flow of the
hydration layer water through the membrane. Then, the
water which is on the other side of the membrane from
the supply water, having passed through the membrane,
is substantially purified e.g. desalinated. When the
extraction of the water from the hydration shell is
effected by osmosis, the pressure required to cause
such osmosis is substantially less than that required
for conventional desalination by reverse osmosis.
Hence, the energy consumption in the desalination
process can be greatly reduced. The electric field at
the treatment surface may be created by applying an 



electric charge thereto, or to an electrode adjacent
the surface. The charge may be applied as a square
wave signal including square shaped pulses separated
by spaces (of zero signal).The advantage of using such
a wave form to create the electric field in the
vicinity of the surface is that during the pulses the
electric field is applied quickly, and the hydration
layer established (which takes a finite albeit small
time). During the spaces between the pulses, the
hydration layer is released and is able to pass
through the membrane under pressure. As an alternative
to extraction of the hydration layer water by causing
it to pass through a membrane, the water may be
extracted by providing the at least one treatment
surface on an element moveable relative to the supply
of water and a part of which is able to be withdrawn
from the supply water with the hydration layer water
thereon, to a position in which the hydration layer
water can be removed from the element. The element may
be rotatable and have a circumferential part immersed
in the supply water and a part extending above the
supply water, so that hydration layer water can, by
rotation of the element, be lifted above the supply
water to a position in which it can be extracted from
the element. Such a rotatable element may have a
surface which is able to be electrically charged to
establish the hydration layer thereon and discharged
to release the hydration layer water. It may be in the
form of a hollow roller, having an internal charging
electrode to charge the surface thereof at a position
within the supply water and a discharge electrode at a
position above the level of the supply water, where
the hydration layer water on the surface thereof is to
extracted. 



In another embodiment, the treatment surface may be
afforded by a plurality of discreet elements movable
within the supply water and able to be removed
therefrom bearing the hydration layer water which is
subsequently removed from the elements.Such elements
may be of a material able to have an electric charge
applied thereto and discharged therefrom respectively
when introduced into and removed from the supply
water. They may also have magnetic properties so that
the removal thereof from the supply water can be
effected by a magnetic removal element. The invention
will now be described by way of example with reference
to the accompanying drawings of which: Figure 1 is a
perspective view of a first embodiment of apparatus to
carrying out the method of the invention. Figure 2
illustrates diagrammatically a second apparatus for
carrying out the method of the invention. Figure 3
illustrates diagrammatically a third embodiment of
apparatus for carrying out the invention. Figure 4 is
a cross-section through an element for use in the
apparatus in figure 3. Referring firstly to figure 1
of the drawings, this shows a first embodiment of
apparatus accordingly to the invention. It comprises a
hollow cylindrical casing 10 having end caps 11, 12
respectively joined to the casing 10 at bolted flanged
pressure-tight joints 13, 14. The end caps 11, 12 have
respective pipes 15, 16 one of which is for inlet of
supply water to the treatment apparatus and the other
for outlet thereof. At the ends of the casing 



10 there are provided tube plates 17, 18 and between
these two plates extend a number of tubular treatment
elements 20 which incorporate semi-permeable membranes
allowing reverse osmosis between their inner and outer
surface. Generally in its mid-region the casing 10 has
an outlet pipe 2 1 communicating with the space
surrounding the tubes 20, between the tube plates 17,
18.Within each of the tubes 20 there is disposed a
helical wire electrode lying closely adjacent to its
inner surface, as indicated at 22. In use, supply
water e.g. sea water is introduced through one of the
pipes 15, 16 and passes through the tubular elements
20 to be discharged through the other of the pipes 15,
16. A square-wave voltage is applied to the electrodes
22, comprising square-shaped pulses with spaces
therebetween. During such pulses, hydration layers are
formed on the electrodes in the vicinity of the
internal surfaces of the elements 20. In the spaces
between the pulses of the square-wave, the pure
hydration layer water is released and is able to pass
through the membranes of the elements 20. A sufficient
pressure is maintained in the supply water for such
osmotic transportation of the hydration layer water to
take place effectively. Having passed through the
membranes of the elements 20, the purified hydration
layer water is discharged through the pipe 2 1. The
supply water discharged from the apparatus is of
course of higher saline concentration than that
introduced to the apparatus. In a possible
alternative, the electrodes 22 may be substituted by
providing the inner surface of the tubular elements 20
with a porous conductive layer so that the hydration
layer is established at the internal surface of the
elements 20 rather than closely in the vicinity
thereof as is the case with the helical electrodes 22.
A porous conductive layer affording as large a surface
area as 



possible at which a hydration layer can be
established, may be provided by a conductive open-cell
foamed material. Referring now to figure 2 of the
drawings, an alternative apparatus for carrying out
the invention illustrates a hollow cylindrical
treatment element 30 in a receptacle 3 1 containing
supply water to be treated e.g. sea water. The element
30 is rotatable about its central longitudinal axis
indicated at 32, in the direction of arrow 33, and it
will be noted that part indicated at 34 of thesurface
of the element 30 extends above the normal level 35 of
supply water within the receptacle 3 1. Within the
element 30 there is disposed a charging electrode 36
and a discharge electrode 37, the element 30 being of
a material such that it can be electrically charged by
the electrode 36 and maintain the electric field
caused by such charge on its exterior surface until
discharged by the electrode 37. The electrodes 36, 37
are, in effect, capacitively coupled to the surface of
the element 30 on which the electric field is
established. Adjacent the discharge electrode 37, a
fresh water outlet conduit 38 contacts the external
surface of the element 30. In use, with the element 30
rotating in the direction of arrow 33 the charge
established thereon by the charge electrode 36 causes
a hydration layer40 of pure water to be established on
its external surface and the rotation of the element
30 causes such layer of water to be carried above the
surface 35 of the supply water to the vicinity of the
discharge electrode 37. When the electric field on the
element is reduced to zero by the discharge electrode
37, the hydration layer water is free to flow into the
fresh water conduit 38 to be delivered to wherever it
is required. 



Referring now to figures 3 and 4 of the drawings,
these show a receptacle, e.g. a conduit, 50 containing
supply water e.g. sea water. The apparatus makes use
of a large number of treatment elements as shown in
figure 4, each comprising a ferrite core 5 1 able to
be magnetised and also electrically charged to
maintain an electric field. The core 5 1 is coated
with a conductive material 52 giving the element
sufficient buoyancy to float in the supply water. Such
an element, if charged with a negative electric
charge, will be surrounded by a hydration layer 53 of
water.Figure 3 shows feed screw 55 provided in the
bottom of the receptacle 15, delivering elements as
shown in figure 4 continuously to a rotatable charge
electrode 56 which is magnetised on three quarters of
its circumference. The elements are collected by the
electrode and charged electrically, and as the
electrode 56 rotates its magnetic field is switched
off and the charged elements released into the salt
water. The elements flow towards the top of the
receptacle 50, and are collected by a collecting
roller 57 which is similar in construction to the
charge electrode. A discharge electrode 58 discharges
the electric field from the elements, releasing the
pure water to flow into a water outlet conduit 59,
while the treatment elements are delivered at 60 to
the feed screw 55. When used in this specification and
claims, the terms "comprises" and "comprising" and
variations thereof mean that the specified features,
steps or integers are included. The terms are not to
be interpreted to exclude the presence of other
features, steps or components. The features disclosed
in the foregoing description, or the following claims,
or the accompanying drawings, expressed in their
specific forms or in terms of a 



means for performing the disclosed function, or a
method or process for attaining the disclosed result,
as appropriate, may, separately, or in any combination
of such features, be utilised for realising the
invention in diverse forms thereof.Claims 1 A method
of water treatment to provide relatively-purified
water from a supply containing dissolved matter,
comprising creating an electric field to cause a
hydration layer of water molecules to be established
in the supply water; and extracting the water from the
hydration layer. 2 A method according to claim 1,
comprising delivering the supply water to at least one
treatment surface; creating the electric field, to
cause the hydration layer of water molecules to be
established, in the vicinity of the surface(s); and
extracting the hydration layer water from the vicinity
of the surface(s). 3 A method according to claim 2
wherein the treatment surface(s), at or in the
vicinity of which an electric field is established,
comprises a semi permeable membrane, and the water
from the hydration layer is extracted by subjecting
the supply water to pressure to cause osmotic flow of
the hydration layer water through the membrane. 4 A
method according to claim 3 wherein the electric field
at the treatment surface(s) is created by applying an
electric charge to the surface or to an electrode
adjacent the surface. 5 A method according to claim 4
wherein the electric charge is applied as a square
wave signal including square-shaped pulses separated
by spaces. 6 A method according to claim 2 wherein the
treatment surface is 



provided on at least one element moveable relative to
the supply of water and at least a part of which is
able to be withdrawn from the supply water with the
hydration layer water thereon, subsequent to which the
hydration layer water is removed from the at least one
element.7 A method according to claim 6 comprising a
rotating an element having a circumference of which
part is immersed in the supply water and part extends
above the supply water, so that hydration layer water
can by said rotation be lifted above the supply water
to a position in which it can be extracted from the
element. 8 A method according to claim 6 comprising
providing treatment surfaces on a plurality of
discreet elements moveable within the supply water and
able to be removed therefrom bearing hydration layer
water, which is subsequently removed from the
elements. 9 Apparatus for treating water to provide
relatively-purified water from a supply containing
dissolved matter, comprising means for creating an
electric field in the supply water to cause a
hydration layer to be established therein; and means
for extracting the water from the hydration layer. 10
Apparatus according to claim 9 comprising means for
delivering the supply water to at least one treatment
surface; means for creating the electric field in the
vicinity of the treatment surface(s), and means for
extracting the hydration layer water from the vicinity
of the surface(s). 11 Apparatus according to claim 10
wherein the at least one treatment surface comprises a
semi-permeable membrane, and there is means for
subjecting the supply water to pressure to cause
osmotic flow of the hydration layer water through the
membrane. 



12 Apparatus according to claim 11 wherein the
semi-permeable membrane has an electrically conductive
element for application of an electric charge to
create the electric field.13 Apparatus according to
claim 11 comprising an electrode adjacent the
semi-permeable membrane to provide full creation of
the electric field in the vicinity thereof. 14
Apparatus according to claim 12 or claim 13 comprising
means for applying a square wave electrical signal to
the membrane or electrode. 15 Apparatus according to
claim 10 wherein the at least one treatment surface is
provided on at least one element moveable so that a
surface part is able to be immersed in the supply
water for a hydration layer to be established thereon
and withdrawn from the supply water with the hydration
layer thereon to a position in which the hydration
layer water can be removed from the element. 16
Apparatus according to claim 15 wherein said element
is rotatable and has a circumferential part of which a
portion is immersed in the supply water and a portion
extends above the supply water. 17 Apparatus according
to claim 16 wherein said rotatable element has a
surface which is able to be electrically charged to
establish the hydration layer thereon and discharged
to release the hydration layer. 18 Apparatus according
to claim 17 wherein the rotatable element comprises a
hollow roller, having an internal charging electrode
to charge the surface thereof at a position within the
supply water and a discharge electrode at a position
above the level of the supply water. 19 Apparatus
according to claim 15 wherein the treatment surface is



afforded by a plurality of discreet elements moveable
within the supply water and able to be removed
therefrom bearing the hydration layer water which is
subsequently removed from the elements.20 Apparatus
according to claim 19 wherein said elements are a
material able to have an electric charge applied
thereto and discharged therefrom respectively when
introduced into and removed from the supply water. 2 1
Apparatus according to claim 20 wherein said elements
are able to be magnetically attractable, and there is
provided magnetic means for effecting removable
thereof from the supply water. 22 A method of, or
apparatus for, treating water, substantially as
hereinbefore described with reference to and as shown
in the accompanying drawings. 23. Any novel feature or
novel combination of features described herein and/or
in the accompanying drawings. 


