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(54) Titlee ELECTROLYTIC CELL WITH POROUS MEMBRANES TO CONCENTRATE ANIONS

(57) Abstract

The present invention is directed to an apparatus (10) and method
for the treatment of water by generating a purifying gas from anions in the
water. Preferably, the apparatus (10) and method of the present invention
provide for the purification of water by the generation of chlorine at the
anode (20) from naturally occurring chloride in the water. The electrolytic
cell (10) of the present invention includes a closed electrolytic chamber
(12) having a lower inlet opening (14) and an upper outlet opening (16)
for directing water to be treated through the chamber. Disposed within the
chamber (12) are an anode (20) and a cathode (30) in electrical contact
with a conventional direct current power source. Disposed about the anode
(20), preferably substantially surrounding the anode (20) and forming the
walls of an anode compartment are a plurality of porous membranes (24)
disposed so that water must pass sequentially through each membrane
before contacting the anode. In the presently preferred embodiment, these
porous membranes (24) comprise alternating layers of polypropylene felt
and microporous polytetrafluoroethylene film. Most preferably, the cell
(10) includes 2-6 sequentially disposed porous membranes (24).
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ELECTROLYTIC CELL WITH POROUS MEMBRANES
TO CONCENTRATE ANIONS

Background of the Invention
l Field of the Invention
The present invention generally relates to an electrolytic cell for the
treatment of water. More specifically, the present invention is directed to
methods and apparatus for purifying and sterilizing water by concentrating
anions from which a purifying gas may be generated, e.g., chloride ions, in the

water which contacts the anode.

. Description of the Background

Many various types of electrolytic cells for the purification and sterilization
of water have proposed. In some of these cells, consumable or non-consumable
electrodes of iron, aluminum, copper, silver, platinum, carbon and the like have
been used to remove contaminating materials dissolved or suspended in the
water to be treated. However, these cells have suffered from many operational
problems. For example, during the electrolysis of water, and particularly of hard
water, a layer of calcium carbonate will rapidly cover the cathode. This
carbonate layer inhibits the flow of current and, thus, the operation of the cell.
Metal anodes, particularly silver, copper, iron and aluminum, become covered
with an oxide layer during electrolysis. These conductive oxides inhibit
dissolution of the anode metal and encourage production of oxygen, rather than

the preferred purifying gas, at the anode.
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These systems have also encounter problems resulting from the normally
low concentration of anions in the water. For example, in order to purify water
with chlorine, the concentration of chloride in the water contacting the anode
should be at least 2,000 ppm. Below this level, chlorine generation is
insufficient to produce an acceptable level of purification. The concentration of
chloride found in most water sources is significantly below this threshold.
Accordingly, additional chloride must be added to the cell or the concentration
of chloride in the water contacting the anode must be increased.

Electrolytic cells have long been used to produce chlorine for purification
of the water in swimming pools and spas. While it is theoretically possible to
add sufficient chloride to the pool water, e.g., by the addition of common table
salt, i.e., sodium chioride, to increase the chloride concentration to the desired
range, the required concentrations would result in an undesirable salty taste
being imparted to the pool water. Further, at the required concentrations, the
deposition of calcium on the cathode and the resuiting interference with the flow
of current in the electrolysis circuit would be increased to unacceptable levels.
Accordingly, swimming pool chlorination systems have typically employed a
separate electrolysis cell containing a high concentration of salt in which
chlorine is produced for introduction into the pool water.

Wellwater, surface water and sewage water typically contains only about
40-400 ppm chloride. Taste and environmental discharge regulations prevent
the addition of chloride to such waters to achieve the desired chioride

concentration. Alternatively, it has been suggested that chloride ions may be
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concentrated in an anode compartment by the use of anion selective
membranes. Such membranes permit the passage of anions into the anode
compartment while minimizing back diffusion due to the concentration gradient
across the membrane. Once the chloride ion concentration in the anode
compartment has reached a sufficient level, e.g., 2,000 ppm, the electrolysis cell
can produce sufficient chlorine to effectively purify the water. Chlorine gas
generated at the anode may escape from the anode compartment and mix with
the water to be treated through an appropriate aperture in the top of the anode
compartment. An exemplary system is disclosed in United States Patent No.
4,121,991 which is incorporated herein by reference.

Anion selective membranes used in such systems have most often used
tertiary, quaternary and polyamines to provide the desired amine exchange
capacity. Unfortunately, these amines react with the chlorine generated at the
anode to liberate nitrogen. Thus, the exchange capacity of these anion selective
membranes is continuously destroyed by the chlorine generated at the anode.
In fact, because of the continuous destruction of the exchange capacity of the
anion selective membranes, it has been necessary to regularly replace the anion
selective membranes. Accordingly, prior art electrolytic cells using anion
selective membranes to concentrate chioride in the anode compartment have
suffered from unnecessary down time and high operating costs.

If the anion selective membrane were replaced by a porous membrane,
the back diffusion of the concentrated chloride ions which depend on the

concentration difference across the membrane and on the porosity of the
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membrane normally would be so pronounced that insufficient concentration in
the anode apartment could be achieved. Accordingly, systems which used a
porous membrane were also unsuccessful.

Accordingly, those skilled in the art have long sought a more acceptable
means for concentrating the desired anions in the water contacting the anode.
Thus, there has been a long felt but unfulfilled need for a more economical and
more efficient means for concentrating the anions contacting the anode of an
electrolytic cell used to purify water. The present invention solves those needs.

Summary of the Invention

The present invention is directed to an apparatus and method for the
treatment of water using an electrolytic cell including a series of porous
membranes for concentrating anions from which a purifying gas may be
generated at the anode.

The electrolytic cell of the present invention includes a closed electrolytic
chamber having a lower inlet opening and an upper outlet opening for directing
water to be treated. Disposed within the chamber are an anode and a cathode
in electrical contact with a direct current power source for driving the electrolytic
cell. Inapresently preferred embodiment, the anode is disposed along the axis
of the chamber and surrounded by a concentrically disposed cathode
constructed of an expanded or perforated metal screen.

The electrolytic cell further includes a piurality of porous membranes
disposed about the anode so that water must pass sequentially through each

membrane before contacting the anode. In the presently preferred embodiment,
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these membranes form substantially all of the walls of a closed anode
compartment within which the anode is disposed. The anode compartment
surrounds the anode with the exception of a small aperture at the top thereof to
permit escape of fluids which permeate through the porous membranes and
gases generated at the surface of the anode. The presently preferred
embodiment employs 2-6 sequentially disposed porous membranes selected
from the group of materials consisting of porous porcelain and microporous
plastics. In the most presently preferred embodiment, alternating layers of
polypropylene felt and polytetrafiuoroethylene (PTFE) film are employed.

In the method of the present invention, the water to be treated is directed
into and through an electrolytic chamber having a cathode and an anode. All
water which contacts the anode is directed sequentially through each of a
plurality of porous membranes surrounding the anode in order to concentrate
anions from which a purifying gas may be generated. In the presently preferred
embodiment, water contacting the anode is directed sequentially through a
plurality of porous membranes comprising alternate layers of polypropylene felt
and microporous polytetrafluoroethylene film. By forcing the water which will
contact the anode sequentially through a series of porous membranes, back
diffusion across each membrane is minimized and the anion concentrated to a
level sufficient to permit generation at the anode of an effective concentration
of purifying gas. The method of the present invention is particularly appropriate
for the generation of chlorine from chloride ions naturally found in the water to

be treated.
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Thus, the long felt, but unfulfilled need for an improved method for
generating a purifying gas, preferably chlorine, in an electrolytic cell has been
met. These and other meritorious features and advantages of the present
invention will be more fully appreciated from the following description and
claims.

Brief Description of the Drawings

Other features and intended advantages of the present invention will be
more readily apparent by the references to the following detailed description in
connection with the accompanying drawings, wherein:

Fig. 1 is a cross-sectional illustration of an electrolytic cell in accord with
the present invention and useful for concentrating anions and generating a
purifying gas in accord with the method of the present invention; and

Fig. 2 is a cross-sectional illustration of a composite porous membrane
comprising a polypropylene felt and polytetrafluoroethylene film for use in an
electrolytic cell in accord with the present invention.

While the invention will be described in connection with the presently
preferred embodiments, it will be understood that it is not intended to limit the
invention to those embodiments. On the contrary, it is intended to cover all
alternatives, modifications and equivalents as may be included in the spirit of the
invention as defined in the appended claims.

Detailed Description of the Preferred Embodiments
The present invention provides an improved, more efficient and more

economical apparatus and method for generating a purifying gas from anions



10

15

20

WO 99/41204 PCT/US99/03064

-7-

occurring naturally in water to be treated. The present invention provides an
electrolytic cell capable of concentrating anions, particularly chloride ions,
naturally found in the water to be treated and of electrolyzing them to chlorine
gas for purification of the water. In the absence of chioride ions, other anions
such as carbonate and sulfate found in the water may concentrate within the
anode compartment. Electrolysis of these anions produces percarbonate and
persulfate, respectively, each providing an alternative oxidizing agent for
purifying the water.

The present invention overcomes the deficiency caused by the high back
diffusion gradient across a single, porous membrane by providing means for
concentrating the anions in an anode compartment to a level sufficient to permit
purifying concentrations of gas, preferably chlorine, to be generated. Since back
diffusion is proportional to the concentration difference across the membrane,
use of a plurality of sequentially disposed membranes minimizes the
concentration gradient across each membrane, thus minimizing back diffusion.
The effect is similar to that achieved by using a series of labyrinths in steam

turbines to prevent the loss of steam.

The electrolytic cell of the present invention includes a closed electrolytic
chamber having a lower inlet opening and an upper outlet opening for directing
water to be treated through the chamber. Also disposed within the chamber are
an anode and a cathode which are in electrical contact with a direct power

source to drive the electrolytic cell. At least partially surrounding the anode are
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a plurality of porous membranes disposed so that water must pass sequentially
through each membrane before contacting the anode. In the presently preferred
embodiment, these porous membranes comprise the walls of an anode
compartment completely surrounding the anode with the exception of a small
aperture in the top of the compartment to permit the escape of gases formed at
the anode and water which has permeated through the porous membranes.

The presently preferred embodiment includes 2-6 sequentially disposed
porous membranes selected from the group of materials consisting of porous
porcelain and the microporous plastics. In the presently most preferred
embodiment, the membranes comprise alternating layers of polypropylene felt
and microporous polytetrafluoroethylene (PTFE) film.  Exemplary are
polypropylene felts having a thickness of about 0.1-0.5 inch. Those having a
thickness of about 0.25 inch are particularly useful.

The anode may be a single anode or multiple anodes and may be
constructed with any desired configuration. Anodes may be constructed from
any appropriate conductive material. Exemplary appropriate materials include
the corrosion resistant metals of the platinum family, platinized titanium, niobium,
graphite, carbon and metal oxides. The anode may be solid or may be formed
of a screen, grid or expanded or perforated metal sheet to provide greater
surface area. While less desirable, corrodible anodes constructed of aluminum,
iron, copper or silver may alternatively be employed.

Any cathode deemed appropriately by those skilled in the art may be

employed. In one exemplary embodiment, the cathode may take the form of a
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plurality of electrodes disposed radially about an anode placed along the
longitudinal axis of the electrolytic chamber. Another exemplary configuration
includes a cathode comprising an electrode concentrically disposed about an
anode. The cathode may be constructed from any suitable conductive material,
e.g., stainless steel, copper and the like. While the cathode may be solid, it may
also be formed of a screen, grid or expanded or perforated metal sheet.

The chamber of the electrolytic cell may be constructed of many materials
known to those skilled in the art. Exemplary materials include plastics,
porcelain, glass, hard rubber and concrete. In fact, if constructed in part of a
conductive metal, the metal of the chamber might serve as the cathode of the
electrolytic cell.

The present invention will now be described in connection with the
exemplary electrolytic cell illustrated in Fig. 1. The electrolytic cell 10 includes
closed electrolytic chamber 12 having inlet opening 14 and an outlet opening 16
to direct water to the treated in the cell upwardly as illustrated by direction arrow
18.

Electrolytic cell 10 includes an anode 20 disposed along the longitudinal
axis of chamber 12 within anode compartment 22. Compartment 22 is formed
by a plurality of sequentially disposed porous membranes 24 substantially
surrounding anode 20 together with a top wall 26. Within wall 26 is small
aperture 28 designed to permit gases generated at anode 20 to escape from

anode compartment 22 to mix with and purify the water flowing through cell 10.
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Aperture 28 also permits escape of water which has permeated through
membranes 24 into anode compartment 22.

Concentrically disposed about anode 20 and surrounding porous
membranes 24 is cathode 30 formed of a perforated metal screen to facilitate
passage of water and dissolved anions through perforations 32 and into contact
with porous membranes 24.

The electrolytic cell 10 is driven by an appropriate direct current power
source (not shown) electrically connected across anode 20 and cathode 30.
Due to the electrical potential difference between these electrodes, a
concentration gradient is established which serves to drive dissolved anions,
e.g., chloride, successively through porous membranes 24a, 24b and 24c into
anode compartment 22 and toward anode 20. Thus, the concentration of anions
within the anode compartment may be increased to a level, e.g., greater than
2,000 ppm chloride, where free chlorine in sufficient quantities to purify the water
can be generated.

Fig. 2 illustrates in cross-section a preferred porous membrane
combination comprising a polypropylene felt 40 together with a
polytetrafluoroethylene (PTFE) film 42. The combination porous membrane
illustrated in Fig 2. may, in a preferred embodiment, be employed to form each
layer 24a, 24b and 24c of the wall of anode compartment 22 in electrolytic cell
10, thus, providing a cell with six (6) porous membranes through which water

and dissolved anions must pass before contacting anode 20.
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The foregoing description has been directed in primary part to a particular
preferred embodiment in accord with the requirements of the Patent Statutes
and for purposes of explanation and illustration. It will be apparent, however, to
those skilled in the art that many modifications and changes in the specifically
described apparatus and methods may be made without departing from the true
scope and spirit of the invention. For example, while the invention has been
illustrated with a single, axially disposed anode substantially surrounded by
three porous membranes, many other configurations and combinations may be
used. Therefore, the invention is not restricted to the preferred embodiment
described and illustrated but covers all modifications which may fall within the

scope of the following claims.
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What is claimed is:
1. An electrolytic cell for the treatment of water, comprising:
a closed electrolytic chamber having a lower inlet opening and an
upper outlet opening for directing water to be treated through said chamber;
a cathode disposed in said chamber for contact with said water;
an anode compartment disposed within said chamber, said
compartment formed at least in part by a plurality of porous membranes
disposed so that water must pass sequentially through each said membrane
before entering into said compartment; and

an anode disposed within said compartment.

2. The electrolytic cell of Claim 1 comprising 2-6 sequentially

disposed porous membranes through which said water must pass.

3. The electrolytic cell of Claim 1 wherein said porous membranes
are selected from the group consisting of porous porcelain and microporous

plastics.

4, The electrolytic cell of Claim 3 wherein said microporous plastics

include porous polypropylene felt and microporous polytetrafiuoroethylene film.
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5. The electrolytic cell of Claim 1 wherein said porous membranes

comprise a microporous polytetrafluoroethylene film together with a

polypropylene felt having a thickness of about 0.1-0.5 inch.

6. The electrolytic cell of Claim 1 further comprising an aperture in the
5 top of said compartment to permit the escape of gases formed at said anode.
7. An electrolytic cell for the treatment of water, comprising:

a closed electrolytic chamber having a lower inlet opening and an

upper outlet opening for directing water to be treated through said chamber:
an anode and a cathode disposed within said chamber for contact

10  with said water; and

a plurality of porous membranes disposed about said anode so
that water must pass sequentially through each said membrane before

contacting said anode.

8. The electrolytic cell of Claim 7 comprising 2-6 sequentially

15 disposed porous membranes through which said water must pass.

9. The electrolytic cell of Claim 7 wherein said porous membranes
are selected from the group consisting of porous porcelain and microporous

plastics.
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10.  The electrolytic cell of Claim 7 wherein said porous membranes

comprise alternating layers of polypropylene felt and microporous

polytetrafluoroethylene.

11.  The electrolytic cell of Claim 7 wherein said chamber has a
5 longitudinal axis, said anode being disposed along said axis and said cathode

comprising a plurality of electrodes disposed radially about said anode.

12.  The electrolytic cell of Claim 7 wherein said chamber has a
longitudinal axis, said anode being disposed along said axis and said cathode

comprising an electrode concentrically disposed about said anode.

10 13.  The electrolytic cell of Claim 12 wherein said cathode is an

expanded metal screen.

14. The electrolytic cell of Claim 7 wherein said anode is disposed in

an anode compartment.

15.  The electrolytic cell of Claim 14 wherein said porous membranes

15 form at least a part of the walls of said compartment.

16.  The electrolytic cell of Claim 14 further including an aperture in the

top of said compartment to permit the escape of gases generated at said anode.
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17.  The electrolytic cell of Claim 7 further comprising a direct current

source connected across said anode and said cathode.

18. A method for treating water, comprising:
directing water into an electrolytic chamber having a cathode and
S an anode;

directing at least a portion of said water sequentially through each
of a plurality of porous membranes at least partially surrounding said anode so
that all water contacting said anode must past sequentially through said plurality

of membranes; and
10 applying a direct current across said anode and said cathode to

generate at said anode a gas for treating said water.

19.  The method of Claim 18 wherein said water includes chloride ions

and said gas is chlorine.

20. The method of Claim 18 further comprising increasing the
15 concentration of chloride in the water contacting said anode to at least 2,000
ppm by driving chloride ions sequentially through each of said porous

membranes by application of said current across said anode and cathode.

21.  The method of Claim 18 wherein said porous membrane is

selected from the group consisting of porous porcelain and microporous plastics.
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22.  Themethod of Claim 20 wherein said porous membranes comprise

alternating layers of polypropylene felt and microporous polytetrafiuoroethylene

film.

23.  The method of Claim 18 wherein said electrolytic cell is selected

5 from the group consisting of the cells defined in Claims 1-17.
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AMENDED CLAIMS
[received by the International Bureau on 17 June 1999 (17.06.99);
original claims 1, 7 and 18-20 amended;
remaining claims unchanged (3 pages)]

What is claimed is:

1. (Amended) An electrolytic cell for the treatment of water, comprising:

a closed electrolytic chamber having a lower inlet opening and an upper
outlet opening for directing water to be treated through said chamber;

a cathode disposed in said chamber for contact with said water;

ananode compartment disposed within said chamber, said compartment
formed at least in part by a plurality of porous membranes sequentially disposed so that
all of the water entering said compartment must pass sequentially through each said
membrane before entering into said compartment, said plurality of membranes
sequentially disposed to reduce the rate of back diffusion from said compartment to
‘said chamber of an anion found in said water so that said anion is concentrated within
said compartment to a level sufficient to permit a purifying concentration of an oxidizing
agent for purifying said water to be produced; and

an:anode disposed within said compartment for generating said oxidizing |
agent from said anion.

2. The elactrolytic cell of Claim 1 comprising 2-6 sequentially disposed
porous membranes through which said water must pass.

3. The electrolytic cell of Claim 1 wherein said porous membranes are
selected from the group consisting of porous porcelain and microporous plastics.

4. The electroiytic cell of Claim 3 wherein said microporous plastics include
porous polypropylene felt and microporous polytetrafluoroethylene film.

AMENDED SHEET (ARTICLE 19)
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5, The electrolytic cell of Claim 1 wherein said porous membranes comprise
a microporous polytetrafluorosthylene film together with a polypropylene feit having a
thickness of about 0.1-0.5 inch.

6. The electrolytic cell of Claim 1 further comprising an aperture in the top
of said compartment to permit the escape of gases formed at said anode.

7. (Amended) An electrolytic cell for the treatment of water, comprising:

a closed electrolytic chamber having a lower inlet opening and an upper
outlet apening for directing water to be treated through said chamber;

an anode and a cathode disposed within said chamber for contact with
said water; and

a plurality of porous membranas sequentially disposed and forming an
anode companmént about said anode so that all of the water contacting sald anode
must pass sequentially through each said membrane, said plurality of membranes
sequentially disposed to reduce the rate of back diffusion and increase the
concentration of an anion found in said water to a level within said anode compartment
sufficient to produce at said anode a purifying concentration of an oxidizing agent for
purifying said water.

8. The electrolytic cell of Claim 7 comprising 2-6 sequentially disposed
porous membranes through which said water must pass.

9. The selectrolytic cell of Claim 7 wherein said porous membranes are
selected from the group consisting of porous porcelain and microporous plastics.

AMENDED SHEET (ARTICLE 19)
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17.  The electrolytic ceil of Claim 7 further comprising a direct current source
connected across said anode and said cathode.

18.  (Amended) A methad for treating water, comprising:

directing water into an electrolytic chamber having a cathode and an
anode;

directing a portion of said water sequentially through each of a plurality
of porous membranes forming at least part of an anode compartment surrounding said
anode so that all water contacting said anode has passed sequentially through said
plurality of membranes; |

concentrating within said compartment to a level sufficient to permit a
purifying concentration of an oxidizing agent to be produced at least one anion found
in said water by reducing the rate of back diffusion of said anion from said compartment
to said chamber, and

applying a direct current across said anode and said cathode to generate
at said anode from said anion a gas comprising an oxidizing agent in a concentration
sufficient for purifying said water.

19. (Amended) The method of Claim 18 whersin said anion is chloride and
said gas is chlorine.

20. (Amended) The method of Claim 19 further comprising increasing the
concentration of chloride in the water contacting said anode in said compartment to at
least 2,000 ppm by driving chloride ions sequentially through each of said porous
membranes by application of said current across said anode and cathode.

21.  The method of Claim 18 wherein said porous membrane is selected from
the group consisting of porous porcelain and microporous piastics.

AMENDED SHEET (ARTICLE 19)
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