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METHOD AND APPARATUS FOR NEUTRALIZING ELECTROCHEMICALLY
ACTIVATED LIQUIDS

FIELD OF THE DISCLOSURE

The present disclosure relates to electrochemically activated (EA) liquids, such as
acidic EA liquids and alkaline EA liquids. More particularly, the present disclosure
relates to methods and apparatus for neutralizing EA liquids prior to disposal into a
facility’s waste system, for example.

BACKGROUND OF THE DISCLOSURE

Electrolyzed Oxidizing (EO) water and other electrochemically activated liquids
are produced by a somewhat simple process of electrolysis. Michael Faraday discovered
electrolysis in 1859. Common electrolysis applications include electroplating metals
onto other surfaces and the manufacture of household bleach. Today, electrolysis is at
the forefront of our energy program. Electrolysis is used to split water molecules to
produce hydrogen fuel for fuel cells. EO water generators using the same principals split
common salt (sodium chloride as an example) into two special solutions, acidic and
alkaline.

A typical electrolysis cell has at least one positive electrode (anode) and at least
one negative electrode (cathode), which are separated by an ion-selective membrane to
create an anode chamber and a cathode chamber. As the liquid is passed through the
chambers, an electric field applied across the electrodes electrochemically activates the
liquid by collecting positive ions (e.g., cations, H") on one side of the membrane and
collecting negative ions (e.g., anions, OH) on the opposing side. The liquid in the
chamber having the cations is thereby rendered acidic (i.e., a catholyte EA liquid) and the
liquid in the chamber having the anions is correspondingly rendered alkaline (i.e., an
anolyte EA liquid).

Electrolysis of water typically requires no chemicals, with essentially nothing
added to the water. Electrolyzed alkaline and acidic waters are non-toxic cleaning and

sanitizing solutions that can replace chemical detergents and biocides. The advantages of
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these solutions are lower costs than chemical products, non-toxic to humans, non-drying
to skin when used for disinfections, leaves no residues, and microorganisms cannot
develop an immunity to the electrical characteristics of the water.

Specific properties of acidic EA water include an extremely high ORP (oxidation-
reduction potential), with a small concentration of hypochlorous acid and a low pH. The
high ORP value can be above +1200 millivolts, but more typically around +800
millivolts. A millivolt is commonly defined as a measure of the potential energy of a unit
charge at a given point in a circuit relative to a reference point (ground). The high ORP
value means the solution will take electrons from other molecules, thereby providing
improved sanitizing properties. Acidic EA water has a pH value of less than 7.0. The
lower pH on the acid side means the higher concentration of hydrogen ions.

Alkaline EA water can replace general purpose cleaners and detergents. One of
the specific properties of alkaline EA water is an extremely low ORP. Alkaline EA water
has a negative ORP (oxidation reduction potential) in the range of -400 millivolts to -
1000 millivolts, for example. The negative ORP means an absence of oxygen. This
water is also called “reduced water”. Another property of alkaline EA water is a high pH
value. Solutions with pH values greater than 7.0 are alkaline.

Commonly, when alkaline water is used for cleaning the acid water with the low
pH and high OPR is disposed of into the sewer system of the building. When acidic
water is used for sanitizing purposes, the alkaline water with high pH and low ORP is
disposed of into the sewer system.

With that said, rules for sewer disposal restrictions and standards vary from city to
city, state to state and country to country. The present disclosure pertains to methods and
apparatus for neutralizing the alkaline or acidic waste stream before entering the city
sewer system, for example. It also pertains to waste water when used in a cleaning
situation such as that of a mop and bucket, an automated scrubber/dryer or soft floor
maintenance/cleaning.

Various methods of neutralizing alkaline and acidic streams have primarily

involved recombining the unused waste stream with the used stream in some fashion. A
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practical example would be using the alkaline EA water as the primary solution for a
purpose such as hard or soft floor surface cleaning. After use, the used alkaline stream in
combination with waste products could be blended with the unused acid stream for
recombination before disposal. The recombination results in a near instant neutralization
of both the alkaline and acidic solutions.

Tennant Company has created a device and process that recombines acidic and
alkaline solutions prior to applying the working water to a surface to be cleaned and/or
sanitized. For example, modified pH 3 acidic water and pH 11 alkaline water are
recombined into a single output stream. The recombined waters are held separated by
nanobubbles to obtain a cleaning solution working life of up to 45 seconds, for example.
The newly created solution briefly retains the known benefits of acidic and alkaline
solutions for the working life and then self-neutralizes.

Another common method of neutralizing electrolyzed wastewater is to let the
alkaline and/or acid solutions to sit in open containers to neutralize over time. This
method typically requires 24 hours before the liquids reach a safe neutral pH before
disposal into sewer system. This method can be inconvenient.

Yet another method of neutralizing electrolyzed wastewater involves organic
loading of the alkaline or acid solution. Typically, the alkaline or acid solution will
tolerate a 5% organic load before reaching a neutral state over time.

Yet another method includes chemical inducement to neutralizing the streams.
However, the added chemicals can increase the cost of the neutralization process.

SUMMARY

An aspect of the present disclosure relates to a method of reducing an oxidation-
reduction potential of an acidic liquid or an alkaline liquid having a charge. The method
includes injecting the liquid with a charge emitted from an electrode having an opposite
charge polarity.

Another aspect of the present disclosure relates to a method, which includes:

emitting ions into a liquid having an oxidation reduction potential (ORP), wherein the ions
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have a charge polarity that is opposite to the ORP of the liquid, whereby the magnitude of
the ORP is reduced.

In one aspect, the liquid comprises at least one of an electrochemically activated
acidic liquid or electrochemically activated alkaline liquid.

In another aspect, the step of emitting ions comprises: applying a voltage to an
electrode; and emitting the ions into the liquid from the electrode.

In another aspect, the method further comprises physically contacting the
electrode with the liquid during the steps of applying a voltage and emitting the ions.

In another aspect, the electrode extends through a wall of a container containing
the liquid.

In another aspect, the method includes:

producing an acidic liquid and an alkaline liquid with an electrolysis cell;

delivering the acidic liquid and the alkaline liquid to respective first and second

outlets of a platform supporting the electrolysis cell; and

performing the step of emitting ions to at least one of the acidic liquid or the

alkaline liquid on the platform, between the electrolysis cell and the
respective first or second outlet.

In yet another aspect, the platform is selected from the group comprising a mobile
surface cleaner, a wall-mount platform, a floor-mount platform, a table-top platform and
a hand-held platform.

In another aspect, the method includes:

placing the liquid in a tank carried by a mobile surface cleaner;

dispensing the liquid to a surface and recovering a portion of the liquid from the

surface by a recovery device carried by the cleaner;

placing the recovered portion of the liquid in a recovery tank carried by the

cleaner; and

performing the step of emitting ions to the recovered liquid on the cleaner.

In another aspect, the method includes: producing an acidic liquid and an alkaline

liquid with an electrolysis cell; using one of the acidic liquid or the alkaline liquid as a
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working liquid in a process; and performing the step of emitting ions to the other of the
acidic liquid or the alkaline liquid prior to disposing the liquid to a waste system.

In a further aspect, the method includes: producing the liquid with an electrolysis
cell; using the liquid as a working liquid in a process; recovering a portion of the liquid
from the process; performing the step of emitting ions to the recovered portion of the
liquid prior to disposing the recovered portion to a waste system.

Another aspect of the present disclosure relates to an apparatus, which includes a
liquid container, which is adapted to receive a liquid comprising at least one of an acidic or
an alkaline having an electrical charge. An ion generator comprising an electrode is
positioned to emit ions into the liquid within the container when the electrode is
energized by the ion generator. The ions have an opposite charge polarity than the charge
of the liquid.

In one particular aspect, the apparatus further includes an electrolysis cell having
first and second liquid outputs, wherein the electrode is coupled in a flow path from one
of the first and second outputs.

In another aspect, the electrode is positioned to physically contact the liquid in the
container.

In another aspect, the electrode extends through a wall of the container.

In another aspect, the container is selected from the group comprising a tank and a
tube.

In another aspect, the apparatus further includes

a platform having a liquid source and first and second outlets; and

an electrolysis cell carried by the platform and having an acid output flow path

coupled to the first platform outlet and an alkaline output flow path
coupled to the second platform outlet,

wherein the container and the ion generator are carried by the platform and the ion

generator emits ions into at least one of the acid output flow path or the
alkaline output flow path, between the electrolysis cell and the first or

second platform outlets.
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In yet another aspect of the apparatus, the platform is selected from the group
comprising a mobile surface cleaner, a wall-mount platform, a floor-mount platform, a
table-top platform and a hand-held platform.

In a further aspect, the disclosure relates to a mobile surface cleaner. The cleaner
includes:

a tank for containing the liquid and carried by the cleaner;

a dispenser, which dispenses the liquid in the tank from the cleaner to a surface;

a recovery device, carried by the cleaner and which recovers a portion of the

liquid from the surface;

a recovery tank for containing the portion of the liquid recovered from the

surface; and

liquid flow paths from the recovery device to the recovery tank and from the

recovery tank to an outlet of the cleaner, wherein the ion generator is
located to emit the ions into the recovered portion of the liquid onboard
the cleaner.

In a particular aspect, the ion generator is located to emit the ions into the
recovered portion along at least one of the flow paths or within the tank.

This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used as an aid in determining the scope of the claimed subject matter.
The claimed subject matter is not limited to implementations that solve any or all
disadvantages noted in the background.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a system in which one or more ion generators
are used to reduce the ORP of an electrochemically activated liquid in accordance with an
exemplary aspect of the present disclosure.

FIG. 2 is a block diagram schematically illustrating an example of ion generator

shown in FIG. 1.
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FIG. 3 is a diagram illustrating a cross-section of a tube through which the liquid
being neutralized flows and which includes a plurality of ion-emitting electrodes,
according to an aspect of the present disclosure.

FIG. 4 is a diagram illustrating and example in which an ion-emitting electrode
extends into the interior of a waste or recovery tank that contains an acid and/or alkaline
liquid to be neutralized.

FIG. 5 illustrates a simplified block diagram of a cleaning and/or sanitizing liquid
generator that is mounted to a platform according to an exemplary embodiment.

FIG. 6 illustrates an example of a mobile hard and/or soft floor surface cleaner
according to an exemplary embodiment.

FIG. 7 is a block diagram illustrating a system in which the liquid to be neutralized
is contained in a holding tank prior to disposal.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
1. Introduction

One aspect of the present disclosure relates a method and apparatus for
neutralizing an alkaline and/or acidic liquid to near zero ORP (or otherwise reducing the
ORP magnitude) prior to disposing the liquid into a facility’s waste system. The alkaline
and/or acid liquid is neutralized by contacting the liquid with ions that are generated by
an ion generator and have an electrical polarity that is the opposite to the polarity of the
liquid’s ORP.

The liquid to be neutralized can be generated by an electrolysis cell, for example,
which can be utilized in, for example, a wall-mount unit, a floor-mount unit, a table-top
unit, a hand-held device or any of a number of different mobile devices that are capable
of creating an acid and/or an alkaline stream. Most electrolysis cells generate both an
alkaline stream and an acid stream. Often, only one stream is used as a working liquid,
while the other stream is disposed of.

Such a neutralization method can be used to quickly neutralize the unused liquid
prior to disposal. For example, the ion generator can be located downstream of the

electrolysis cell, along a waste stream path that is connected to the facility’s waste
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system. The method can also be used to neutralize the working liquid after use and prior
to disposal.

An ion is an atom or group of atoms that possess an electric charge. An ion gets
its electrical charge by losing or gaining electrons. If it gains an extra electron then it is a
negative ion, also called an anion. If it loses an electron it is a positive ion or a cation. It
has been discovered that, if disposing a negatively charged alkaline solution with a
charge potential of -400 millivolts to -1000 millivolts, for example, the charge can be
instantly neutralized (or otherwise reduced) before it is disposed of by interjecting a
positive ion charge of equal, greater, or less intensity to the alkaline solution created by

simple plates and using a positive ion generator to create the neutralizing charge.

Similarly, if disposing an acid solution with a charge potential of +800 millivolts
to +1200 millivolts the charge can be instantly neutralized (or reduced) before it is
disposed of by interjecting a negative ion charge of equal, greater, or less intensity to the
alkaline solution by simple plates and using a negative ion generator to create the said

charge.

A typical negative or positive ion generator emits a stream of negative ions or
positive ions into the air. In an aspect of the present disclosure, this stream is emitted
into a liquid having a charge with an opposite polarity in order to reduce its ORP. The
principle of ion generation is simple. The electrical charge on an object is greatest at the
sharpest point, so if a high negative or positive voltage is applied to an electrode tip, such
as a sharp needle, then the charge at the tip can become so high that ions are literally
thrown off and then repelled by the charge on the tip, into the liquid.

An ion generator creates charged particles, such as a focused beam or non-
focussed emission. The ion generator can be used to interject the charged particles into a
solution. This process is easily adaptable to any non-ferrous container, such as a tube or
other container, for example, containing a flowing or non-flowing solution. In one

embodiment, the device that generates the charged particles does not contact the liquid
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being neutralized. In another embodiment, the ion generator has an electrode that
physically contacts the liquid.

For example, the charged particles can be interjected into a stream of solution,
either alkaline or acidic, that flows through a small tube. The ion transfer components can
be attached to or arranged relative to a non-conductive tube so as to interject the charged
particles through the walls of the tube, for example. For example, the ion generator can
have one or more electrode tips that extend through the tube walls so as to contact liquid
flowing through the tube. The ion transfer components can be connected to a voltage
source, such as a voltage multiplication circuit. The multiplication circuit can be
configured to generate a suitable positive and/or negative voltage to inject either positive
or negative ions through the tube, whereby the acid or alkaline solution to be neutralized
is flowing through to a drain, sewer system or holding tank as examples.

An effect of contacting and/or non-contacting ion transfer is to instantly null the
opposite charge of an alkaline or acidic stream that was created by an electrolysis cell, for
example.

2. Example Diagram

FIG. 1 is a schematic diagram of a system 10 in which one or more ion generators
are used to reduce the ORP of a liquid in accordance with an exemplary aspect of the
present disclosure.

In this example, system 10 includes a liquid source 12, a pump 14, and
electrolysis cell 16, and a recovery device 18. Electrolysis cell 16 receives liquid to be
treated from liquid source 12, wherein the flow of liquid can be driven by pump 14 or by
any other device or method such as by gravity. Liquid source 12 can include a tank or
other solution reservoir or can include a fitting or other inlet for receiving a liquid from
an external source, for example.

Electrolysis cell 16 can represent any fluid treatment cell that is adapted to apply
an electric field across the liquid between at least one anode electrode and at least one
cathode electrode. An electrolysis cell can have any suitable number of electrodes, any

suitable number of chambers for containing the liquid, and any suitable number of fluid
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inputs and fluid outputs. The cell can be adapted to treat any fluid (such as a liquid or
gas-liquid combination). The cell may include one or more ion-selective membranes
between the anode and cathode or can be configured without any ion selective
membranes. An electrolysis cell having an ion-selective membrane is referred to herein
as a “functional generator”.

Wall-mount, floor-mount and countertop electrolyzed generators include units
that produce a continuous flow of separated alkaline and acidic streams of solution over a
period of time, for example. An example of a large capacity wall-mount unit is available
from the company Amano of Japan.

Electrolysis cells can be used in a variety of different applications and can have a
variety of different structures, such as but not limited to the structures disclosed in Field
et al. U.S. Patent Publication No. 2007/0186368, published August 16, 2007. Thus,
although various elements and processes relating to electrolysis are described herein,
these elements and processes can be applied to, and incorporated in, other applications.

In the example shown in FIG. 1, electrolysis cell 16 has one or more anode
chambers 20 and one or more cathode chambers 22 (known as reaction chambers),
which are separated by an ion exchange membrane 24, such as a cation or anion
exchange membrane. One or more anode electrodes 26 and cathode electrodes 28 (one of
each electrode shown) are disposed in each anode chamber 20 and each cathode chamber
22, respectively. The anode and cathode electrodes 26 and 28 can be made from any
suitable material, such as a conductive polymer, titanium and/or titanium coated with a
precious metal, such as platinum, or any other suitable electrode material. The electrodes
and respective chambers can have any suitable shape and construction. For example, the
electrodes can be flat plates, coaxial plates, rods, or a combination thereof. Each
electrode can have, for example, a solid construction or can have one or more apertures.
In one example, each electrode is formed as a mesh. In addition, multiple cells 16 can be
coupled in series or in parallel with one another, for example.

The electrodes 26, 28 are electrically connected to opposite terminals of a power

supply (not shown). Ion exchange membrane 24 is located between electrodes 26 and 28.
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The power supply can provide a constant DC output voltage, a pulsed or otherwise
modulated DC output voltage, and/or a pulsed or otherwise modulated AC output voltage
to the anode and cathode electrodes, for example. The power supply can have any
suitable output voltage level, current level, duty cycle or waveform.

For example in one embodiment, the power supply applies the voltage supplied to
the plates at a relative steady state. The power supply (and/or control electronics)
includes a DC/DC converter that uses a pulse-width modulation (PWM) control scheme
to control voltage and current output. Other types of power supplies can also be used,
which can be pulsed or not pulsed and at other voltage and power ranges. The
parameters are application-specific.

During operation, feed water (or other liquid to be treated) is supplied from source
12 to both anode chamber 20 and cathode chamber 22. In the case of a cation exchange
membrane, upon application of a DC voltage potential across anode 26 and cathode 28,
such as a voltage in a range of about 5 Volts (V) to about 25V, cations originally present
in the anode chamber 20 move across the ion-exchange membrane 24 towards cathode 28
while anions in anode chamber 20 move towards anode 26. However, anions present in
cathode chamber 22 are not able to pass through the cation-exchange membrane, and
therefore remain confined within cathode chamber 22.

As a result, cell 16 electrochemically activates the feed water by at least partially
utilizing electrolysis and produces electrochemically-activated water in the form of an
acidic anolyte composition 30 and a basic catholyte composition 32.

If desired, the anolyte and catholyte can be generated in different ratios to one
another through modifications to the structure of the electrolysis cell, for example. For
example, the cell can be configured to produce a greater volume of catholyte than anolyte
if the primary function of the EA water is cleaning. Alternatively, for example, the cell
can be configured to produce a greater volume of anolyte than catholyte if the primary
function of the EA water is sanitizing. Also, the concentrations of reactive species in

each can be varied.
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For example, the cell can have a 3:2 ratio of cathode plates to anode plates for
producing a greater volume of catholyte than anolyte. Each cathode plate is separated
from a respective anode plate by a respective ion exchange membrane. Thus, there are
three cathode chambers for two anode chambers. This configuration produces roughly
60% catholyte to 40% anolyte. Other ratios can also be used.

As mentioned above, the ion exchange membrane 58 can include a cation
exchange membrane (i.e., a proton exchange membrane) or an anion exchange
membrane. Suitable cation exchange membranes for membrane 38 include partially and
fully fluorinated ionomers, polyaromatic ionomers, and combinations thereof. Examples
of suitable commercially available ionomers for membrane 38 include sulfonated
tetrafluorethylene copolymers available under the trademark “NAFION” from E.I. du
Pont de Nemours and Company, Wilmington, Delaware; perfluorinated carboxylic acid
ionomers available under the trademark “FLEMION” from Asahi Glass Co., Ltd., Japan;
perfluorinated sulfonic acid ionomers available under the trademark “ACIPLEX” Aciplex
from Asahi Chemical Industries Co. Ltd., Japan; and combinations thereof. However,
any ion exchange membrane can be used in other examples.

The acid and alkaline liquid outputs can be coupled to a dispenser, which can
include any type of dispenser or dispensers, such as an outlet, fitting, spigot, spray head, a
cleaning/sanitizing tool or head, a tube, etc. For example a typical electrolyzer has a first
outlet tube for delivering the acid liquid and a second outlet tube for delivering the
alkaline liquid. Arrows 30 and 32 can represent any dispenser or outlet tube, for
example.

One or both of the acid and alkaline liquid outputs 30 and 32 are generated for use
as a working liquid in some sort of process, represented by box 40 in FIG. 1. For
example, the acid liquid 30 can be used in a sanitizing process and/or the alkaline liquid
can be used in a cleaning process. The working liquid can be applied directly to the
surface being treated or stored in a container for later use. In many applications, only one
of the acid and alkaline liquids 30, 32 is needed as a working liquid, while the other, non-

used liquid is disposed of, typically through a facility’s waste system, represented by box
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42 and waste paths 44 and 46. Waste paths 44 and 46 can include any type or types of
waste path(s), such as a liquid flow path provided by a tube and/or a drain system, a
waste tank that is later emptied into facility waste system 42, etc.

However, it may not be desirable to dispose of an acidic or alkaline liquid directly
down the facility’s waste system 42. For example, rules for sewer disposal restrictions
and standards vary from city to city, state to state and country to country. Accordingly,
one or more ion generator(s) 48 are used to generate and emit negative and/or positive
ions into the unused acid and/or alkaline streams flowing through waste flow paths 44
and 46. The negative ions can be used to neutralize (or at least reduce) the ORP
magnitude of the acid waste stream, while the positive ions can be used to neutralize (or
at least reduce) the ORP magnitude of the alkaline waste stream.

Ion generator 48 can be located to treat the waste liquid at any suitable location
along waste paths 44 and/or 46. For example, ion generator 48 can treat the liquid within
a housing or at the outlet of an electrolyzer system carrying electrolysis cell 16, along a
drain system, in a waste tank, along a disposal tube extending from a waste tank, and/or
within the facility waste system 42.

In some examples, the working liquid (acid and/or alkaline) is recovered after use
with recovery device 18. Recovery device 18 can include elements such as a simple
drain system, a mop and bucket, and/or a squeegee and vacuum recovery system carried
by a mobile hard and/or soft floor surface cleaner, for example. The recovered liquid can
be carried in a recovery tank for later disposal or be carried toward the facility’s waste
system 42 by a drain system.

In a further example, the recovery device 18 further includes a holding tank in
which the recovered liquid can be stored for a definite or indefinite period of time before
being released to the facility’s waste system 42.

Prior to disposal through system 42, it may be desirable to at least partially
neutralize the recovered liquid. Either the same or one or more different ion generator(s)
48 can be used to generate ions of the appropriate polarity to at least partially neutralize

the ORP of the recovered liquid. This ion generator can be located to treat the recovered
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liquid at any suitable location along the recovery and disposal paths. For example, the
ion generator can treat the liquid directly on the surface being processed by block 40,
along a drain system of recovery device 18, in a recovery tank, along a disposal tube
extending from a recovery tank, in a holding tank, along the output of the holding tank,
and/or within the facility waste system 42.

3. Ion Generator

FIG. 2 is a block diagram schematically illustrating an example of ion generator
48. Ion generator 48 includes a voltage generator 60 and one or more electrodes 62 for
emitting ions of a particular polarity (negative or positive). In some embodiments, ion
generator 48 also includes one or more further electrodes 64 emitting ions of the opposite
polarity (positive or negative) as electrode(s) 62.

In one example, ion generator 48 is of an electron emission type in which, for
negative ion generation, electrons are emitted from electrode 62 by applying a high
negative voltage on electrode 62. In another example, ion generator 48 is of a proton
emission type in which, for positive ion generation, protons are emitted from electrode 62
by applying a high positive voltage on electrode 62. If both positive and negative ions are
desired, then ion generator 48 can be configured to emit different polarity ions from
electrodes 62 and 64. In a further example, the voltage applied to electrode 62 is cycled
back and forth between a high negative voltage and a high positive voltage, at a suitable
frequency and duty cycle, to emit alternately negative and positive ions.

Voltage generator 60 can be configured as desired to apply an appropriate voltage
to electrodes 62 and/or 64 with the appropriate potentials and at the appropriate times, by
a suitable electronic control system, for example. In one example, voltage generator 60
includes a voltage multiplication circuit. The multiplication circuit can be configured to
generate a suitable positive and/or negative voltage to inject either positive or negative
ions into the liquid being neutralized.

Electrodes 62 and 64 can have a variety of different shapes and can be made of a
variety of different conductive materials. For example, the electrodes can include solid

plates, conductive meshes, solid or hollow rods, spikes, pins, wires, etc.
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In a further example, ion generator 48 is configured to energize both electrodes 62
and 64 concurrently and/or sequentially, such as by cycling back and forth, and both
electrodes 62 and 64 are positioned along the same waste and/or recovery path to provide
a generic treatment for both acid and alkaline liquids. In another example, one set of
electrode(s) is used, which are driven alternately to negative and positive voltages so as
to emit alternately negative and positive ions into the liquid being neutralized.

FIG. 3 illustrates an example in which each electrode 62 (and/or 64) includes a
plurality of conductive pins that extend through the sidewalls of a non-conductive tube 70
that contains the liquid being neutralized. In this example, the conductive pins 62 are
arranged radially, around the circumference of tube 70. In other examples, pins 62 can be
arranged in a line parallel to the central axis of tube 70, along the top and/or bottom of
tube 70. Any number of pins or arrangements can be used. In one example, the sidewalls
of tube 70 are somewhat compliant and self-seal about pins 62 such that liquid does not
escape through the openings created by the pins. Other methods of sealing the tube can
also be used.

As the liquid flows through the tube and contacts the electrodes, the energized
electrodes emit ions into the liquid having an opposite charge that is equal, greater, or
less intensity to the ORP of the liquid, which neutralizes (or at least reduces) the
magnitide of the ORP.

In one example, the liquid has an ORP of -400 millivolts to -1000 millivolts, and
the ion generator is adapted to reduce the ORP of the treated liquid to a value less than or
equal to +/- 50 millivolts. In another example, the liquid has a charge potential of +800
millivolts to +1200 millivolts, and the ion generator is adapted to reduce the ORP of the
liquid to +/- 50 millivolts.

FIG. 4 is a diagram illustrating and example in which electrode 62 (and/or 64)
extends into the interior of a waste or recovery tank 72 that contains an acid and/or

alkaline liquid 74 to be neutralized.
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In a further example, the electrode 62 (and/or 64) is located inside a container that
contains the liquid (such as a tube or tank in which the liquid is flowing or stagnant),
rather than extending through a container wall as shown in FIGS. 3 and 4.

In a further example, the electrode 62 (and/or 64) is arranged to contact the liquid
as it is dispensed, such as from a tube or tank. For example, the liquid can be poured or
sprayed onto the electrode(s).

4. Wall-Mount (or Table-Top) Platform

FIG. 5 illustrates a simplified block diagram of a cleaning and/or sanitizing liquid
generator 100 that is mounted to a platform 102 according to an exemplary embodiment.
Platform 102 can be configured to be mounted or placed in a facility on a floor, a wall, a
bench or other surface, held by hand, carried by an operator or vehicle, attached on to
another device (such as carried by a cleaning or maintenance trolley or mop bucket), or
carried on a person. In one specific embodiment, platform 102 is mounted to the wall of a
facility for loading devices, such as mop buckets, mobile cleaning machines, etc., with
cleaning and/or sanitizing liquid.

Platform 102 includes an inlet 103 for receiving a liquid, such as tap water, from a
source. Alternatively, for example, platform 102 can include a tank for holding a supply
of liquid to be treated. Platform 102 further includes one or more electrolysis cells 104
and a control circuit 106. Electrolysis cell(s) 104 can have any of the structures described
herein or any other suitable structure. Platform 102 can also include any other devices or
components such as but not limited to those disclosed herein.

The flow path or paths from the output of electrolysis cell 104 can be configured
to dispense acid EA liquid and alkaline EA liquid separately and/or blended acid and/or
alkaline EA liquid through outlet 508. In a particluar example, only one of the acid or
alkaline liquids is used as a working liquid. The other, unused acid or alkaline liquid can
be directed to a waste tank on platform 102 or to a drain outlet 110, for example.

An ion generator 112 is positioned along the waste flow path 114 and/or relative
to the a waste tank on platform 102 so as to reduce the ORP of the unused liquid prior to

disposal through outlet 110. The ion generator can treat the liquid upstream, downstream
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and/or within the waste tank and/or anywhere along the flow path 114. In this example,
ion generator 114 can be positioned within a housing containing electrolysis cell 104 and
control circuit 106. In another example, ion generator 110 is external to such a housing
and can be located along a disposal path from outlet 110.

The control circuit 106 energizes the anodes and cathodes of electrolysis cell 104
with a suitable voltage pattern to generate the acid and alkaline liquid outputs and
energizes ion generator 106 with a voltage pattern that is suitable to reduce the ORP of an
unused stream (acid and/or or alkaline) by a desired magnitude. For example, the control
circuit can be configured to operate the electrolysis cell and ion generator “on-demand”
under the control of one or more switches or control inputs 116. When an operator
activates cleaning/sanitizing liquid generator 100 through switch 116, control circuit 106
energizes electrolysis cell 104 to an acid/alkaline working liquid that is dispensed through
outlet 108. Concurrently, for example, control circuit 106 energizes ion generator 112 to
reduce the ORP of any unused liquid stream such that it may be disposed of immediately
(or at a later time) through outlet 110. Alternatively, for example, control circuit 106 can
wait a specified time period for unused liquid to collect in a waste tank and then energize
ion generator 112 at suitable times to neutralize the liquid contained in the tank or
dispensed form the tank.

S. Mobile Surface Cleaner

The features and methods described herein, such as those of the electrolysis cell
and ion generator, can be used onboard (or off-board) a mobile surface cleaner, such as a
mobile hard floor surface cleaner, a mobile soft floor surface cleaner, a mobile surface
cleaner that is adapted to clean both hard and soft floors or other surfaces, or a mop-and-
bucket system, for example.

Field et al. U.S. Publication No. 2007/0186368 Al discloses various apparatus in
which the features and methods described herein can be used, such as a mobile surface
cleaner having a mobile body configured to travel over a surface. The mobile body has a
tank for containing a cleaning liquid, such as tap water, a liquid dispenser and a flowpath

from the tank to the liquid dispenser. An electrolysis cell is coupled in the flowpath. The
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electrolysis cell has an anode chamber and a cathode chamber separated by an ion
exchange membrane and electrochemically activates tap water that has passed through
the functional generator.

The electrolysis cell converts the tap water into an anolyte EA liquid and a
catholyte EA liquid. The anolyte EA liquid and the catholyte EA liquid can be separately
applied to the surface being cleaned and/or sanitized, or can be combined on-board the
apparatus to form a combination anolyte and catholyte EA liquid and dispensed together
through a cleaning head, for example. In one example, only one liquid stream, such as
the catholyte (alkaline) stream is dispensed through the cleaning head. The other stream,
such as the anolyte (acid) stream is routed to a waste/recovery tank.

In another example, the mobile surface cleaner does not include an electrolysis
cell. Rather, the source tank is filled with an alkaline liquid (or an acid liquid) to be
dispensed through the cleaning head, for example.

FIG. 6 illustrates an example of a mobile hard and/or soft floor surface cleaner
400 disclosed in Field et al. U.S. Publication No. 2007/0186368 A1 in which one or more
of the above-described features and/or methods can be implemented. FIG. 6 is a
perspective view of cleaner 400 having its lid in an open position.

In this example, cleaner 400 is a walk-behind cleaner used to clean hard floor
surfaces, such as concrete, tile, vinyl, terrazzo, etc. in other examples, cleaner 400 can be
configured as a ride-on, attachable, or towed-behind cleaner for performing a cleaning
and/or sanitizing operation as described herein. In a further example, cleaner 400 can be
adapted to clean soft floors, such as carpet, or both hard and soft floors in further
embodiments. Cleaner 400 may include electrical motors powered through an on-board
power source, such as batteries, or through an electrical cord. Alternatively, for example,
an internal combustion engine system could be used either alone, or in combination with,
the electric motors.

Cleaner 400 generally includes a base 402 and a lid 404, which is attached along
one side of the base 402 by hinges (not shown) so that lid 404 can be pivoted up to

provide access to the interior of base 402. Base 402 includes a tank 406 for containing a
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liquid or a primary cleaning and/or sanitizing liquid component (such as regular tap
water) to be treated and applied to the floor surface during cleaning/sanitizing operations.
Alternatively, for example, the liquid can be treated offboard cleaner 400 prior to
containment in tank 406, as mentioned above.

When the liquid is treated onboard, cleaner 400 includes an electrolysis cell 408,
which treats the liquid prior to the liquid being applied to the floor being cleaned. The
treated liquid can be applied to the floor directly and/or through a cleaning head 410, for
example. The treated liquid that is applied to the floor can include an anolyte EA liquid
stream, a catholyte EA liquid stream, both and anolyte and catholyte EA liquid streams
and/or a combined anolyte and catholyte EA liquid stream. The cell 408 can include an
ion selective membrane or be configured without an ion selective membrane.

When the liquid is treated offboard, the source tank 406 is filled with an acid or
alkaline liquid, such as acid or alkaline EA water, which is dispensed through cleaning
head 410 and/or directly to the floor, for example.

In both examples, as the cleaner 400 advances along the floor being cleaned, a
recovery device comprising a vacuum squeegee or other recovery device recovers a
portion of the soiled liquid from the floor and places the recovered liquid in a recovery
tank 414 carried in lid 404.

Cleaner 400 further includes a waste tube 416, which is coupled to the recovery
tank 414. When the operator wishes to empty tank 414, the operator directs a free end of
waste tube 416 to the facility’s waste system, such as waste system 42 shown in FIG. 1,
and empties the tank. Cleaner 400 includes an ion generator 418, which can be coupled
at a suitable location along waste liquid flow path. For example, the ion generator can be
coupled to reduce the ORP of the recovered liquid at a location between recovery device
412 and recovery tank 414, within recovery tank 414, between recovery tank 414 and
waste tube 416, and/or along waste tube 416. In a further example, ion generator can be
used external to cleaner 400 as a separate device.

6. Holding Tank
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FIG. 7 is a block diagram illustrating a system 500 in which the liquid to be
neutralized is contained in a holding tank prior to disposal through a facility’s waste system.
The same reference numerals are used in FIG. 7 as were used in FIG. 1 for the same or
similar elements. FIG. 7 shows an example in which the working liquid, an acid and/or
alkaline liquid, is recovered from a process 40 and then placed in a holding tank 502 for a
definite or indefinite period of time before being released for disposal through the facility’s
waste system 42. For example, an electrochemically-activated working liquid can be placed
in a mobile cleaning device, such as a hard floor surface cleaner, dispensed to a surface
being cleaned and then recovered from the surface by an onboard recovery device 18, for
example, and held in a waste tank carried by the cleaning device. The recovered liquid can
then be emptied from the waste tank into holding tank 502. Holding tank 502 can include,
for example, an immobile or mobile tank that is located within the facility for storing
recovered liquid prior to disposal. For example, some facilities include open-air holding
tanks for holding acidic and/or alkaline liquids after use to allow the liquids to neutralize
substantially before for releasing the liquids down the drain and sewer system of the facility.

Ion generator(s) 48 can be located to treat the liquid held in holding tank 502 and/or
along the output of holding tank 502, prior to disposal through waste system 42, for
example. Also, ion generator(s) 48 can be located to treat the liquid prior to being placed in
holding tank 502.

Although the present disclosure has been described with reference to one or more
examples, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the scope of the disclosure and/or the appended claims.
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CLAIMS:

1. A method of reducing an oxidation-reduction potential of an acidic liquid or an
alkaline liquid having a charge, the method comprising injecting the liquid with a charge
emitted from an electrode having an opposite charge polarity.
2. A method comprising:
emitting ions into a liquid having an oxidation reduction potential (ORP), wherein
the ions have a charge polarity that is opposite to the ORP of the liquid,
whereby the magnitude of the ORP is reduced.
3. The method of claim 2, wherein the liquid comprises at least one of an
electrochemically activated acidic liquid or electrochemically activated alkaline liquid.
4. The method of claim 2, wherein the step of emitting ions comprises:
applying a voltage to an electrode;
emitting the ions into the liquid from the electrode.
S. The method of claim 4 and further comprising:
physically contacting the electrode with the liquid during the steps of applying a
voltage and emitting the ions.
6. The method of claim 5, wherein the electrode extends through a wall of a
container containing the liquid.
7. The method of claim 2 and further comprising:
producing an acidic liquid and an alkaline liquid with an electrolysis cell;
delivering the acidic liquid and the alkaline liquid to respective first and second
outlets of a platform supporting the electrolysis cell; and
performing the step of emitting ions to at least one of the acidic liquid or the
alkaline liquid on the platform, between the electrolysis cell and the
respective first or second outlet.
8. The method of claim 7, wherein the platform is selected from the group
comprising a mobile surface cleaner, a wall-mount platform, a floor-mount platform, a

table-top platform and a hand-held platform.
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The method of claim 2 and further comprising:

placing the liquid in a tank carried by a mobile surface cleaner;

dispensing the liquid to a surface and recovering a portion of the liquid from the
surface by a recovery device carried by the cleaner;

placing the recovered portion of the liquid in a recovery tank carried by the
cleaner;

performing the step of emitting ions to the recovered liquid on the cleaner.

The method of claim 2 and further comprising:

producing an acidic liquid and an alkaline liquid with an electrolysis cell;

using one of the acidic liquid or the alkaline liquid as a working liquid in a
process;

performing the step of emitting ions to the other of the acidic liquid or the alkaline
liquid prior to disposing the liquid to a waste system.

The method of claim 2 and further comprising:

producing the liquid with an electrolysis cell;

using the liquid as a working liquid in a process;

recovering a portion of the liquid from the process;

performing the step of emitting ions to the recovered portion of the liquid prior to
disposing the recovered portion to a waste system.

An apparatus comprising:

a liquid container, which is adapted to receive a liquid comprising at least one of an
acidic or an alkaline having an electrical charge; and

an ion generator comprising an electrode positioned to emit ions into the liquid
within the container when the electrode is energized by the ion generator,
wherein the ions have an opposite charge polarity than the charge of the
liquid.

The apparatus of claim 12 and further comprising:

an electrolysis cell having first and second liquid outputs, wherein the electrode is

coupled in a flow path from one of the first and second outputs.
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14. The apparatus of claim 12, wherein the electrode is positioned to physically

contact the liquid in the container.

15. The apparatus of claim 14, wherein the electrode extends through a wall of the
container.
16. The apparatus of claim 12, wherein container is selected from the group

comprising a tank and a tube.
17. The apparatus of claim 12 and further comprising:
a platform having a liquid source and first and second outlets;
an electrolysis cell carried by the platform and having an acid output flow path
coupled to the first platform outlet and an alkaline output flow path
coupled to the second platform outlet;
wherein the container and the ion generator are carried by the platform and the ion
generator emits ions into at least one of the acid output flow path or the
alkaline output flow path, between the electrolysis cell and the first or
second platform outlets.
18. The apparatus of claim 17, wherein the platform is selected from the group
comprising a mobile surface cleaner, a wall-mount platform, a floor-mount platform, a
table-top platform and a hand-held platform.
19. The apparatus of claim 12 and further comprising:
a mobile surface cleaner;
a tank for containing the liquid and carried by the cleaner;
a dispenser, which dispenses the liquid in the tank from the cleaner to a surface;
a recovery device, carried by the cleaner and which recovers a portion of the
liquid from the surface;
a recovery tank for containing the portion of the liquid recovered from the
surface;
liquid flow paths from the recovery device to the recovery tank and from the

recovery tank to an outlet of the cleaner, wherein the ion generator is
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located to emit the ions into the recovered portion of the liquid onboard
the cleaner.
20. The apparatus of claim 19, wherein the ion generator is located to emit the ions

into the recovered portion along at least one of the flow paths or within the tank.
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