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(57) Abstract: Electrochemical apparatus (10) and processes for the point-of-use production of cleansing, sanitizing, and antimi-
crobial agents, such as sodium hypochlorite (NaOCl) (34) or hypochlorous acid (HOCI). The processes may be used to produce
NaOCl from seawater, low purity un-softened or NaCl-based salt solutions (26). HOCI may be produced from HCI solutions and
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@& materials, in an electrolytic cell (11). HOCI is produced using an anion conductive membrane in an electrolytic cell. The cleansing,
O sanitizing, and antimicrobial agent may be generated on demand and used in household, industrial, and water treatment applications.
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CLEANSING AGENT GENERATOR AND DISPENSER

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S. Patent Application No.
11/613,857, filed December 20, 2006, which claims the benefit of U.S. Provisional Patent
Application No. 60/753,191, filed December 20, 2005, both of which are incorporated by
reference. This application also claims the benefit of U.S. Provisional Patent Application No.

60/949,802, filed July 13, 2007, which is incorporated by reference.

FIELD OF THE INVENTION
[0002] The present invention relates to a point-of-use electrochemical generator and

dispenser of cleansing, sanitizing, and antimicrobial agents.

BACKGROUND OF THE INVENTION

[0003] Household appliances (e.g. dishwashers, clothes washers, etc.) have a need for
disinfectants, bleaching solutions, whiteners, deodorizers, or in other words, a cleansing
agent. Common surfaces often require cleansing or sanitizing. It would be an advancement
to provide an apparatus for generating and dispensing cleansing, sanitizing, and antimicrobial
agents as needed for appliances or surfaces that may require such agents.

[0004] In some methods, sodium hypochlorite is prepared by absorbing chlorine gas into
cold sodium hydroxide solution to induce the following reaction:

[0005] 2NaOH + Cl, = NaCl + NaOCl + H,O

[0006] The sodium hydroxide and chlorine reagents input into this process may be
commercially produced by the chloralkali process. For use in this reaction, there is generally
no need to isolate the reagents, thus, NaOCIl may be prepared in an industrial setting by
electrolyzing sodium chloride solution without any separation or barrier between the anode
and the cathode. In this process, the reaction solution is generally maintained at a
temperature below about 40 °C in order to prevent the formation of sodium chlorate. As a
result, commercially-prepared sodium hypochlorite solutions generally contain amounts of
sodium chloride as a primary byproduct.

[0007] Hypochlorous acid (also known as chloric(I) acid) is a weak acid with the chemical

formula HCIO. HCIO is used as a bleach, an oxidizer, a deodorant, and a disinfectant. HC1O
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has been approved by the U.S. FDA for use on food in washing and cleaning applications.
HCIO has also been approved for use on human skin as a cleansing and sanitizing agent. Itis
also reported to promote wound healing. Addition of chlorine to water gives both
hypochlorous acid and hydrochloric acid (HCI):

[0008] Cl; + H,0 — HOCI1 + HCl

[0009] Hypochlorous acid cannot be isolated in pure form due to rapid equilibration with
the anion hypochlorite (OCI") and hydrogen ion (H"):

[0010] HOCI = OCI'+ H*

[0011] It would be an advancement in the art to provide an apparatus and method to
generate sodium hypochlorite (NaOCl) or hypochlorous acid (HOCI) on demand. Other
known methods require the storage and transport of sodium hydroxide and of chlorine gas
which is a highly toxic substance. The present invention overcomes this problem using
electrochemical processes for the production of sodium hypochlorite or hypochlorous acid.
More particularly, the present invention provides an electrochemical process for producing

sodium hypochlorite or hypochlorous acid using readily available and safe starting materials.

BRIEF SUMMARY OF THE INVENTION

[0012] The present invention is drawn to an electrochemical apparatus and method to
generate and dispense a cleansing, sanitizing, or antimicrobial agent on demand and at the
point-of-use (POU). The present invention in particularly adapted for use with household,
industrial, and water treatment applications. Using common table salt (NaCl), salt water,
waste streams from certain products, or other feed stocks; a moderate amount of electricity;
and the proper apparatus it is possible to generate sodium hypochlorite (NaOCI) or
hypochlorous acid (HOCI) on an as needed basis. These compounds can serve as cleansing,
sanitizing, or antimicrobial agents. They may even function as bleach for removal of stains.
Other methods for formation of these compounds need the transport and storage of chlorine
gas which is a highly toxic material. Because HOCI is not stable for long-term storage, the
ability to generate these compounds at suitable concentrations at the point of use is
particularly advantages.

[0013] In one embodiment, a cleansing, sanitizing, or antimicrobial agent, collectively
referred to as a cleansing agent, is generated and used in various types of apparatuses such as
a washing machine, a dishwasher, a scrub brush, a floor brush or mop, a toilet bowl

apparatus, skin patch, or any application where a dose of a cleansing agent is desired.
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[0014] Sodium hypochlorite (NaOCl) may be effectively generated using an electrolytic
process using a sodium ion conductive ceramic membrane, such as a sodium super ionic
conductor (hereinafter “NaSICON”) membrane. Copending United States Patent Application
Serial No. 11/613,857, Published as US 2007/0138020A1 and incorporated herein by
reference, discloses electrolytic processes to produce sodium hypochlorite using sodium ion
conduction ceramic membranes. In this process, sodium is extracted from a solution of
sodium chloride (< 3 weight %). The extracted sodium reacts with water on the other side of
the membrane to form a slightly basic solution of sodium hydroxide (NaOH) with a pH in the
range of 7-8. The sodium hydroxide can in turn be reacted with chloride to form sodium
hypochlorite.

[0015] Hypochlorous acid (HOCI) may be prepared using an electrolytic process using an
anionic conductive membrane. In this process, chloride ions are extracted from a solution
containing chloride ions, such as dilute hydrochloric acid. The extracted chloride ions react
with water on the other side of the membrane to form a solution of hypochlorous acid and
hydrochloric acid.

[0016] In one embodiment, a cleansing agent generator is an electrochemical cell. The
electrochemical cell can be configured in a variety of ways to produce the cleansing agent. In
one embodiment, cationic membranes are utilized that may be selective to only certain types
of cations. The cations move across the membrane when voltage is applied across the
electrodes of electrochemical cell. In another embodiment, an anionic membrane which can
transport anions, such as chloride, is used.

[0017]  The cleansing agent distributor may be configured in numerous forms depending
on the point-of-use application for the cleansing agent. Examples of such forms, include but
are not limited to, personal and household applications such as a washing machine, a
dishwasher, a scrub brush, a floor brush or mop, a toilet bowl apparatus, and a skin patch;
industrial applications such as water treatment systems, public sanitizing applications in
hospitals, hotels, schools, ocean vessels, and in applications where cleansing, sanitizing, or
antimicrobial agent are used.

[0018]  Other advantages and aspects of the present invention will become apparent upon
reading the following description of the drawings and detailed description of the invention.
These and other features and advantages of the present invention will become more fully
apparent from the following figures, description, and appended claims, or may be learned by

the practice of the invention as set forth hereinafter.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS In order that the
manner in which the above-recited and other features and advantages of the invention are
obtained will be readily understood, a more particular description of the invention briefly
described above will be rendered by reference to specific embodiments thereof that are
illustrated in the appended drawings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:

[0019]  Figure 1 is a schematic view of an embodiment of a cleaning agent generator that
may be used to produce sodium hypochlorite within the scope of the present invention;

[0020]  Figure 2 is a schematic view of an embodiment of a cleaning agent generator that
may be used to produce hypochlorous acid within the scope of the present invention;

[0021]  Figure 3 is a is a schematic view of a cleansing agent dispersement system within
the scope of the present invention;

[0022]  Figure 4 is a is a schematic view of a cleansing agent dispersement system applied
to a washing machine;

[0023] Figure 5 is a schematic representation of a system to generate and dispense a
cleansing agent at the point-of-use in the form of a topical skin patch, a scrub brush, or a floor
brush or mop.

[0024]  Figure 6 is another schematic representation of a system to generate and dispense a
cleansing agent at the point-of-use in the form of a topical skin patch, a scrub brush, or a floor

brush or mop.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The presently preferred embodiments of the present invention will be best
understood by reference to the drawings, wherein like parts are designated by like numerals
throughout. It will be readily understood that the components of the present invention, as
generally described and illustrated in the figures herein, could be arranged and designed in a
wide variety of different configurations. Thus, the following more detailed description of the
embodiments of the point-of-use electrochemical generator and dispenser of cleansing,

sanitizing, and antimicrobial agents, as represented in Figures 1 through 6, is not intended to
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limit the scope of the invention, as claimed, but is merely representative of presently preferred
embodiments of the invention.

[0026] The phrase ‘“substantially impermeable to water,” when used in the instant
application to refer to a membrane, means that a small amount of water may pass through the
membrane, but that the amount that passes through is not of a quantity to diminish the
usefulness of the present invention. The phrase “essentially impermeable to water,” as used
herein in reference to a membrane, means that no water passes through the membrane, or that
if water passes through the membrane, its passage is so limited so as to be undetectable by
conventional means. The words “substantially” and “essentially” are used similarly as
intensifiers in other places within this specification.

[0027] Figure 1 illustrates a cleansing agent generator 10 that may be used to produce
sodium hypochlorite. The cleansing agent generator 10 comprises an electrolytic cell 11 that
uses a sodium ion conductive ceramic membrane 12 that divides the electrochemical cell 10
into two compartments: an anolyte compartment 14 and a catholyte compartment 16. An
electrochemically active anode 18 is housed in the anolyte compartment 14 where oxidation
reactions take place, and an electrochemically active cathode 20 is housed in the catholyte
compartment 16 where reduction reactions take place. The sodium ion conductive ceramic
membrane 12 selectively transfers sodium ions 22 from the anolyte compartment 14 to the
catholyte compartment 16 under the influence of an electrical potential 24 while preventing
water transportation from either compartment to the other side.

[0028]  The electrolytic cell 11 is operated by feeding an aqueous sodium chloride solution
26 into the anolyte compartment 14 from a feeder 27. The sodium chloride solution 26 may
come from any source, including naturally occurring seawater or brine sources. The sodium
chloride solution may be prepared by dissolving salt containing sodium chloride in water.
The water need not be pure de-ionized water, but it can be tap water or unpurified water from
any source. The concentration of sodium chloride in the aqueous solution should be below its
saturation limit in water. The concentration of sodium chloride in the aqueous solution is
between about 0.1 % by weight and about 26 % by weight of the solution, and more
preferably between about 3 % by weight and 26% by weight of the solution.

[0029] Water 28 is fed into the catholyte compartment 16 from feeder 29. At least
initially, the water 28 preferably includes sodium ions, which may be in the form of an
unsaturated sodium hydroxide solution. The concentration of sodium hydroxide is between

about 0.1 % by weight and about 50% by weight of the solution. In one embodiment, the
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water 28 includes a dilute solution of sodium hydroxide. During operation, the source of
sodium ions may be provided by sodium ions 22 transporting across the sodium ion
conductive ceramic membrane 12 from the anolyte compartment 14 to the catholyte
compartment 16.

[0030] The anode 18 may be fabricated of various materials, including those discussed in
U.S. Patent Application Publication No. 2007/0138020, incorporated by reference. In one
embodiment, the anode 18 is fabricated of titanium coated with advanced metal oxides. The
cathode 20 may also be fabricated of various materials, including those discussed in U.S.
Patent Application Publication No. 2007/0138020. In one embodiment, the cathode 20 is
fabricated of nickel/stainless steel.  Under the influence of electric potential 24,
electrochemical reactions take place at the anode 18 and cathode 20. Oxidation of chloride
ions to chlorine gas occurs at the anode 18, and reduction of water to form hydrogen gas 30
and hydroxyl ions occurs at the cathode 20.

[0031] As the reactions occur at the electrodes, sodium ions 22 are transported from the
anolyte compartment 14 across the sodium ion conductive ceramic membrane 12 into the
catholyte compartment 16. If non-sodium ions, such as protons, calcium, magnesium, etc, are
also present in the anolyte compartment 14, they are prevented from moving to the catholyte
compartment 16 by the solid electrolyte 12 due to ionic size differences and electroneutrality
constraints when compared with the sodium ions. Due to this reason, the current sodium
efficiency is expected to be between from about 95 to about 100% in some embodiments.
The transported sodium ions 22 combine with the hydroxyl ions produced by the reduction of
water at the cathode 20 to form a sodium hydroxide solution. Part of this sodium hydroxide
solution 32 is transported to the anolyte compartment 14 of the cell to control anolyte pH and
produce sodium hypochlorite solution. Sodium hypochlorite solution 34 may be removed
from the anolyte compartment 14. The solution comprising sodium hypochlorite is removed
from the anolyte compartment 14 for on-site or point-of-use. As used herein, the term point-
of-use refers to use of the produced cleansing agent in a personal, commercial or industrial
process located proximate to the cleansing agent generator, so that expensive storage or
transportation facilities for the cleansing agent are not required.

[0032] The chemical reactions in the electrochemical cell 11 are summarized below:
[0033] At the anode/

[0034]  anolyte compartment: 2CI' - Cl; + 2¢”

[0035] Cl, + H,O — HOCI + HCl

-7-
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[0036] HOCI + HCI + 2NaOH — NaOCl + NaCl + 2H,0
[0037] At the cathode/

[0038] catholyte compartment: 2H,O +2e¢” — 20H + H;

[0039] 2Na’ + 20H" — 2NaOH

[0040]  Overall reaction: 2NaCl + H,O — NaOCl + NaCl + H,

[0041] The pH control of the anolyte solution is especially important when feed to the
anolyte solution is an impure sodium chloride solution containing calcium, magnesium, or
other precipitable cations. Such sodium chloride solutions include, but are not limited to,
seawater, brine, industrial process streams, or salt solutions containing sodium chloride.
Such salt solutions may be prepared with pure or impure salt or with pure or impure water.
The pH of the solution within the anolyte compartment 14 is preferably maintained at a pH
less than 14, usually in preferred pH in the range from 7 to 12. Because calcium and
magnesium precipitate at a pH greater than about 8, it is preferred to maintain the pH less
than about 8 when operating with impure sodium chloride solutions. For pure sodium
chloride solutions, the anolyte solution may have higher pH. With pH control, precipitation
reactions at the anode, formation of calcium and magnesium hydroxides, may be avoided,
thereby producing a clear solution of sodium hypochlorite.

[0042] The sodium conductive ceramic membrane 12 preferably blocks diffusion of
calcium or magnesium ions to the catholyte compartment 16 during electrolysis. Thus,
precipitation of calcium and magnesium is avoided in the catholyte compartment. In contrast,
precipitation is unpreventable with organic membranes, such as Nafion® membranes, as they
are, unlike NaSICON membranes, not able to completely prevent the diffusion of calcium and
magnesium ions to the catholyte compartment 16, causing precipitation of calcium and
magnesium not only in the catholyte compartment 16 but also in the interstices of membrane,
gradually eroding the membrane’s effectiveness. This drawback of the organic membranes
limits their use in sodium hypochlorite generation to only salt solution feeds containing just
sodium chloride.

[0043] The voltage required by the electrolytic cell 11, at constant current, is dependent on
factors such as concentration of anolyte (sodium chloride solution), concentration of catholyte
(sodium hydroxide solution), membrane thickness, conductivity of the membrane, and local
mass transfer conditions which dictate the electrolytic cell’s power consumption for a given

production rate of sodium hypochlorite.



WO 2009/011841 PCT/US2008/008623

[0044]  Figure 2 illustrates a cleansing agent generator 50 that may be used to produce
hypochlorous acid (HCIO). The cleansing agent generator 50 comprises an electrolytic cell
51 that uses an anion conductive membrane 52 that divides the electrochemical cell 51 into
two compartments: an anolyte compartment 54 and a catholyte compartment 56. An
electrochemically active anode 58 is housed in the anolyte compartment 54 where oxidation
reactions take place, and an electrochemically active cathode 60 is housed in the catholyte
compartment 56 where reduction reactions take place. The anion conductive membrane 52
selectively transfers chloride ions 62 from the catholyte compartment 56 to the anolyte
compartment 54 under the influence of an electrical potential 64.

[0045] The electrolytic cell 51 is operated by feeding a dilute hydrochloric acid (HCI)
solution 66 into the catholyte compartment 56 from a feeder 67. The water need not be pure
de-ionized water, but it can be tap water or unpurified water from any source.

[0046] Water 68 is fed into the anolyte compartment 54 from feeder 69. During operation,
the source of chloride ions that react at the anode to form chlorine may be provided by
chloride ions 62 transporting across the anion conductive membrane 62 from the catholyte
compartment 56 to the anolyte compartment 54.

[0047] The anode 58 and cathode 60 may be fabricated of various materials, including
those discussed above and in U.S. Patent Application Publication No. 2007/0138020. Under
the influence of electric potential 64, electrochemical reactions take place at the anode 58 and
cathode 60. Oxidation of chloride ions to chlorine gas occurs at the anode 58, and reduction
of water to form hydrogen gas 70 and hydroxyl ions occurs at the cathode 60.

[0048]  As the reactions occur at the electrodes, chloride ions 62 are transported from the
catholyte compartment 56 across the anion conductive membrane 52 into the anolyte
compartment 54. The transported chloride ions 62 react at the anode 58 to form chlorine
which reacts with water to form to form a hypochlorous acid solution 72. Hypochlorous acid
solution 72 may be dispensed from the anolyte compartment 54 for on-site or point-of-use
into a device or apparatus such those described herein.

[0049]  The chemical reactions in the electrochemical cell 51 are summarized below:
[0050] At the anode/

[0051] anolyte compartment: 2CI' = Clp + 2¢

[0052] Cl; + H,O — HOCI + HCI

[0053] At the cathode/

[0054]  catholyte compartment: 2H' +2e” — H,

9.
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[0055]  Overall reaction: 2HCI1 + H,0 — HOC1 + HCI + H,

[0056] The pH control of the anolyte solution is important to promote formation of HOCI.
The pH of the solution within the anolyte compartment 54 is preferably maintained at a pH
less than 11, usually with a preferred pH in the range from 5 to 11, and more preferably
between 6 and 8. With a pH less than 5, HCl formation is favored over HOCI.

[0057] The anion conductive membrane 52 as employed herein is defined to include
membranes which have selective permeability, i.e., permselectivity, by allowing passage of
chloride anions (CI’), but not cations. Anion conductive membranes may be strongly, mildly
or weakly basic, and may be comprised of quaternary or tertiary ammonium groups, for
example. Anion conductive membranes should be stable in the electrolytic environment and
have a low resistance to the anion being transported.

[0058]  Anion conductive membranes may include commercially available anion exchange
membranes. Representative anion exchange membranes include polystyrene-polydivinyl-
benzene polymeric base materials, such as Tokuyama Neosepta AMH or Asahi Glass
Selemion AMYV, and perfluorinated radiation grafted materials, such as Pall Raipore. Solvay
Morgane products may also be used.

[0059] The cleansing agent generators described herein can be operated in a continuous or
batch mode. In one embodiment of the processes and apparatus of the present invention, the
cleansing agent generator may be operated in a continuous mode. In a continuous mode, the
electrolytic cell is initially filled with anolyte and catholyte solutions and then, during
operation, additional solutions are fed into the cell and products, by-products, and/or diluted
solutions are removed from the cell without ceasing operation of the cell. The reactant
solutions may be fed into the anolyte and catholyte compartments continuously or they may
be fed intermittently, meaning that the flow of a given solution is initiated or stopped
according to the need for the solution and/or to maintain desired concentrations of solutions
in the cell, without emptying one or both compartments. Similarly, the removal of solutions
from the anolyte compartment and the catholyte compartment may also be continuous or
intermittent.

[0060] Control of the addition and/or removal of solutions from the cleansing agent
generator may be done by any suitable means. Such means include manual operation, such as
by one or more human operators, and automated operation, such as by using sensors,
electronic valves, laboratory robots, etc. operating under computer or analog control. In

automated operation, a valve or stopcock may be opened or closed according to a signal
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received from a computer or electronic controller on the basis of a timer, the output of a
sensor, or other means. One non-limiting example of an automated control system is
illustrated schematically in Fig. 3 and discussed below. Some combination of manual and
automated operation may also be used. Alternatively, the amount of each solution that is to
be added or removed per unit time to maintain a steady state may be experimentally
determined for a given electrolytic cell, and the flow of solutions into and out of the system
set accordingly to achieve the steady state flow conditions.

[0061] Figure 3 shows a non-limiting schematic drawing of a cleansing agent
dispersement system 100. A cleansing agent generator 110, of the type mentioned above in
connection with Figures 1 and 2 may be used. The cleansing agent generator 110 may be an
electrochemical cell of the type known in the art. It could be configured with an anode in an
anolyte compartment and a cathode in a catholyte compartment. The amount and content of
material in each compartment along with the type of selective membrane is determined based
upon the desired cleansing agent to be output. As power is supplied to the system, the
electrochemical cell generates the cleansing agent which is then dispensed by the dispensing
unit 112. The dispensing unit 112 may include various types of conduits, and may be used in
conjunction with a variety of valves or pumps to control the release of the cleansing agent
according to known fluid handling systems.

[0062] A controller 114 may include a timing circuit module 116, a feed stock detector
module 118, a power source module 120, and/or a pH detector module 122. These modules
could include software, hardware, firm ware, instruction codes, and the like. The controller
114 may determine whether enough cleansing agent has been produced, whether certain
parameters of the cleansing agent have been met, such as pH, temperature, content,
concentration, and the like. The controller 114, working with or without the apparatus that
will utilize the cleansing agent, may determine when to disperse the cleansing agent. The
controller may also control the power source and vary the current applied to the
electrochemical cell to thereby control the rate and amount of cleansing agent generated. As
cleansing agent is generated, one or more feeders may resupply one or more of the catholyte
compartment or anolyte compartment of the electrochemical cell. The controller may detect
levels within each compartment of the electrochemical cell in order to replenish it and also
the levels of the feeder reservoirs. The system 100 may have an audio or visual output (not
shown) that conveys to a user the status of the system. The status may include whether the

cleansing agent has been generated, whether and when it has be dispersed, pH, concentration,
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or temperature warnings, levels of feed stock available, and the like. Also, the controller may
notify a user of the need to replenish the salt solution into the cell.

[0063] Figure 4 illustrates a non-limiting example where the controller 114 may control
when cleansing agents are dispersed into a washing machine 126. While Figure 4 is
illustrated and discussed in relation to a washing machine, it will be appreciated that other
appliances may be used in place of the washing machine. When a user starts the washing
machine 126, the controller 114 may detect whether the cleansing agent generator 110
comprising an electrochemical cell (EC) contains the proper contents to make the desired
cleansing agent. If the EC does not contain the proper contents, the controller automatically
fills each compartment with the desired material. In one embodiment, it could be a salt or
HCI solution 128. In another embodiment, the feedstock could be a powder or solid and the
system utilizes water from the washing machine to make the right solution either in the EC,
or before it is deposited in the EC. The controller, taking an electric or other signal from the
washing machine 126, applies power to the electrochemical cell so that it generates the
cleansing agent. At a predetermined time, the cleansing agent is dispersed into the washing
machine 126. Where the cleansing agent is bleach, the controller 114 may wait until a
particular rinse or fill cycle in order apply the proper cleaning effect without damaging or
discoloring the clothes. Unused cleansing agent, source material, or by products may then be
removed from the EC. Gaseous byproducts such as hydrogen may be vented from the EC.
The reservoir feeder may then refill the EC. As shown in Figure 4, the controller 114 may be
coupled to the various components of the system, including the washing machine 126,
cleansing agent generator 110, valves and sensors, including dispensing unit 112, feeders, and
such as feedstock source 128.

[0064] One suggested application of the apparatus illustrated in Figure 4 is to generate
NaOCl as a part of an apparatus to provide bleaching agent to a washing machine. In this
embodiment an electronic control system would generate a solution of NaOCl (< 5 weight %)
and introduce that solution into the wash water at an appropriate time in the wash cycle. The
percentage of NaOCI could be varied dependent upon the temperature, fabric, and agitation
selections. The gradual introduction of the sodium hypochlorite would prevent any damage
to fabrics.

[0065] A second non -limiting application would be to generate NaOCl as part of an

apparatus to provide disinfectant to a dishwasher. In this embodiment an electronic control
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system would signal the generator to produce a solution of NaOCI (~ .5 weight %) as a final
step in the process to insure the dishes were adequately disinfected.

[0066] A third non-limiting application would be to generate NaOCl on board a ship to
generate disinfectant on an as needed basis. In this embodiment, salt water could serve as the
input if the ship were located in the ocean. This has the potential to reduce the spread of
infectious bacteria as has occurred on cruise ships in the past. Obviously, the generator could
also be incorporated with numerous portions of the ship’s apparatus (e.g. washing machine,
dishwasher, reverse osmosis system, etc).

[0067] Figure 5 is a schematic representation of a system to generate and dispense a
cleansing agent at the point-of-use in the form of a topical skin patch, a scrub brush, or a floor
brush or mop. The cleansing agent generator 210 shown in Figure 5 has similar components
to the apparatus illustrated in Figure 1 and may be used to produce sodium hypochlorite. The
cleansing agent generator 210 comprises an electrolytic cell that uses a sodium ion conductive
ceramic membrane 212 that divides the electrochemical cell into two compartments: an
anolyte compartment 214 and a catholyte compartment 216. An electrochemically active
anode 218 is housed in the anolyte compartment 214 where oxidation reactions take place,
and an electrochemically active cathode 220 is housed in the catholyte compartment 216
where reduction reactions take place. The sodium ion conductive ceramic membrane 212
selectively transfers sodium ions from the anolyte compartment 214 to the catholyte
compartment 216 under the influence of an electrical potential 224 while preventing water
transportation from either compartment to the other side. It may be advantages to include one
or more conventional buffering agents, such as NaHCOs3, within the anolyte compartment 214
to control the operating pH.

[0068] The cleansing agent generator 210 comprises a porous membrane 226 which
allows cleansing agent to pass from the anolyte compartment 214 to the exterior of the
device. The porous membrane may define an active cleansing surface. It will be appreciated
that the cleansing agent generator may be configured for use in scrub brush, or a floor brush
by adding a handle. The generator may be constructed with thin flexible membranes and
provided with suitable skin adhesive material for use as a topical skin patch.

[0069] The cleansing agent generator 210 may be configured for one-time batch use or it
may be configured to permit replenishment of the anolyte and catholyte compartments for

continuing use or repeated use.
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[0070] Figure 6 is a schematic representation of a system to generate and dispense a
cleansing agent at the point-of-use in the form of a topical skin patch, a scrub brush, or a floor
brush or mop similar to the embodiment illustrated in Figure 5. The cleansing agent
generator 210 shown in Figure 6 has similar components to the apparatus illustrated in Figure
2 and may be used to produce hypochlorous acid. HCI may also be produced concurrently
with the hypochlorous acid as a mixed oxidant stream. The cleansing agent generator 250
comprises an electrolytic cell that uses an anion conductive membrane 252 that divides the
electrochemical cell into two compartments: an anolyte compartment 254 and a catholyte
compartment 256. An electrochemically active anode 258 is housed in the anolyte
compartment 254 where oxidation reactions take place, and an electrochemically active
cathode 260 is housed in the catholyte compartment 256 where reduction reactions take place.
The anion conductive membrane 252 selectively transfers chloride ions from the anolyte
compartment 254 to the catholyte compartment 256 under the influence of an electrical
potential 264. It may be advantages to include one or more conventional buffering agents
within the anolyte compartment 254 to control the operating pH and promote the formation of
HOCIL.

[0071] The cleansing agent generator 250 comprises a porous membrane 266 which
allows hypochlorous acid cleansing agent to pass from the anolyte compartment 254 to the
exterior of the device. The porous membrane may define an active cleansing surface. It will
be appreciated that the cleansing agent generator may be configured for use in scrub brush, or
a floor brush by adding a handle. The generator may be constructed with thin flexible
membranes and provided with suitable skin adhesive material for use as a topical skin patch.
[0072] The cleansing agent generator 250 may be configured for one-time batch use or it
may be configured to permit replenishment of the anolyte and catholyte compartments for
continuing use or repeated use.

[0073] The following non-limiting example is provided below which discusses the
construction and use of a specific embodiment within the scope of the present invention.
This embodiment is exemplary in nature and should not be construed to limit the scope of the
invention in any way.

[0074] Example 1:

[0075]  An apparatus to provide bleach (NaOCl) to a washing machine is prepared. The
washing machine value is approximately 10 gallons. The amount of bleach to be added to a

typical wash cycle is 50 ml of 5 wt. % NaOCI, which corresponds to 2.5 g of 100% bleach.
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The concentration of the bleach in the washing machine is about 007 wt. % bleach in 10
gallons of water. If the washing machine fills in five minutes, the cleansing agent generator
must operate to produce NaOCI at a rate which results in 0.007 wt. % bleach through the
cycle. To operate at this rate, the cleansing agent generator should comprise an electrolytic
cell of the type described herein having a volume of about 100 cm® and active electrode area
of about 100 cm®. The anolyte NaCl concentration in water is > 18 wt. %, and the catholyte
NaOH concentration is water is > 9.5 wt. %. Operating at 20 amps at 12 volts, the cell
produces 50 cm® of 5 wt. % NaOC] in five minutes, sufficient to meet the requirements of the
washing machine.

[0076] From the foregoing, it will be appreciated that the present invention provides a
point-of-use electrochemical generator and dispenser of cleansing, sanitizing, and
antimicrobial agents such as sodium hypochlorite and hypochlorous acid. The system to
generate and dispense the cleansing agent at the point-of-use includes an electrolytic cell,
such as those described herein, which produce sodium hypochlorite or hypochlorous acid as
needed and a controller to efficiently control the operation of system. The cleansing agent
may be generated on demand and used in household, industrial, and water treatment
applications. The cleansing agent may be used in various types of apparatuses such as a
washing machine, a dishwasher, a scrub brush, a floor brush or mop, a toilet bowl apparatus,
topical skin patch, fruit or vegetable washing apparatus, or any application where a dose of a
cleansing agent is desired.

[0077]  While specific embodiments of the present invention have been illustrated and
described, numerous modifications come to mind without significantly departing from the
spirit of the invention, and the scope of protection is only limited by the scope of the

accompanying claims.
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CLAIMS:

1. A system to generate and dispense a cleansing agent at the point-of-use
comprising:
an electrolytic cell configured to generate a cleansing agent comprising:
an anode in an anolyte compartment comprising anolyte solution;
a cathode in a catholyte compartment comprising catholyte solution; and
a cleansing agent discharge opening;
a power source to supply electric current to the electrolytic cell; and
a controller electrically coupled to the electrolytic cell and to the power source to

control the rate and amount of cleansing agent generated.

2. The system according to claim 1, wherein the electrolytic cell generates

NaOCl and comprises a sodium ion conductive ceramic membrane.

3. The system according to claim 1, wherein the electrolytic cell generates HOCI

and comprises a chlorine ion conductive membrane.

4. The system according to claim 1, further comprising a feeder to resupply one
or more of the catholyte compartment or anolyte compartment with catholyte solution or

anolyte solution.

5. The system according to claim 1, wherein the controller comprises one or
more sensors to determine anolyte solution requirements in the anolyte compartment or

catholyte solution requirements in the catholyte compartment.
6. The system according to claim 5, wherein the controller is coupled to a feeder
to resupply one or more of the catholyte compartment or anolyte compartment with catholyte

solution or anolyte solution according to the anolyte or catholyte solution requirements.

7. The system according to claim 1, wherein the controller comprises one or

more sensors to determine whether sufficient cleansing agent is produced.
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8. The system according to claim 1, wherein the controller comprises one or
more sensors to determine whether the cleansing agent produced satisfies cleansing agent

requirements.

9. The system according to claim 1, wherein the anolyte compartment comprises
a porous membrane having an interior surface in contact with cleansing agent produced
within the anolyte compartment and an exterior surface, such that cleansing agent produced
within the anolyte compartment passes through the porous membrane for direct use at the

exterior surface.

10. The system according to claim 9, wherein the system is configured as a scrub

brush or floor brush.

11. The system according to claim 9, wherein the system is configured as a topical

skin patch, comprising flexible membranes and a skin adhesive.

12. The system according to claim 11, wherein the electrolytic cell generates

HOCI and comprises a chlorine ion conductive membrane.
13. The system according to claim 1, wherein the controller is coupled to the

cleansing agent discharge opening to control the amount of cleansing agent dispensed directly

to an appliance.
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14. A system to generate and dispense a cleansing agent at the point-of-use
comprising:
an electrolytic cell configured to generate a cleansing agent comprising:
an anode in an anolyte compartment comprising anolyte solution;
a cathode in a catholyte compartment comprising catholyte solution; and
a cleansing agent discharge opening;
a power source to supply electric current to the electrolytic cell;
a feeder to resupply one or more of the catholyte compartment or anolyte
compartment with catholyte solution or anolyte solution; and
a controller electrically coupled to the electrolytic cell, to the power source, to the
feeder, and to a plurality of sensors, wherein the controller controls the rate and amount of
cleansing agent generated, wherein the controller determines anolyte solution requirements in
the anolyte compartment or catholyte solution requirements in the catholyte compartment,
wherein the controller resupplies one or more of the catholyte compartment or anolyte
compartment with catholyte solution or anolyte solution according to the anolyte or catholyte

solution requirements.

15. The system according to claim 14, wherein the controller comprises one or

more sensors to determine whether sufficient cleansing agent is produced.

16. The system according to claim 14, wherein the controller comprises one or
more sensors to determine whether the cleansing agent produced satisfies cleansing agent

requirements.

17. The system according to claim 14, wherein the controller is coupled to the
cleansing agent discharge opening to control the amount of cleansing agent dispensed directly

to an appliance.

18. The system according to claim 14, wherein the electrolytic cell generates

NaOCI and comprises a sodium ion conductive ceramic membrane.

19. The system according to claim 14, wherein the electrolytic cell generates

NaOCl and comprises a NaSICON sodium ion conductive ceramic membrane.
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20. The system according to claim 14, wherein the electrolytic cell generates

HOCI and comprises a chlorine ion conductive membrane.
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