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FLOOR CLEANING DEVICE WITH DISINFECTION CAPABILITIES

This Application claims the benefit of U.S. Provisional Patent Application
62/457,020, filed February 9, 2017 and U.S. Provisional Patent Application 62/489,794,
filed April 25, 2017, the entire disclosures of which are hereby incorporated by reference.

FIELD

The present disclosure relates generally to floor cleaning equipment. More
specifically, embodiments of the present disclosure provide for floor cleaning devices and
related methods of use that are suitable for cleaning and disinfecting floor surfaces. In
preferred embodiments, devices are provided that comprise the ability to scrub a floor
surface and in doing so reduce the number of pathogens that are either on the floor surface
or in the waste water tank which contains dirty water removed from the floor during the
cleaning operation.

BACKGROUND

Cleaning surfaces in acute care environments often involves specialized procedures
designed to disinfect the surface during or after the cleaning operation. These processes
often focus on surfaces that are frequently touched by patients and healthcare workers. In
acute care environments, the floor surfaces can also be heavily contaminated, but
traditionally have not been considered an important source for pathogen dissemination
because they are rarely touched. However, floors are in frequent contact with objects such
as socks, slippers, and dropped items, such as call buttons or blood pressure cuffs, which
are subsequently touched by the hands of the patient and staft.

Recently, a study has been performed that documents the spread of pathogen
surrogates from the floor to other room surfaces to high touch surfaces in the room and even
to adjacent rooms and nursing stations. See, for example, “Evaluation of Hospital Floors as
a Potential Source of Pathogen Dissemination Using a Nonpathogenic Virus as a Surrogate
Marker” by Sreelatha Koganti, MD et al. published in /nfection Control & Hospital
Epidemiology, November 2016, Vol. 37, No. 11, which is incorporated herein in its entirety
by reference. This study demonstrated that a nonpathogenic virus inoculated onto floors in
hospital rooms disseminate rapidly to the hands of patients and to high-touch surfaces inside
and outside the inoculated room. It suggests that improved cleaning and disinfection of

floor surfaces can help to reduce the number of Hospital Acquired Infections (HAISs).
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Floor cleaning equipment that is designed to both clean and disinfect floor surfaces
is well documented in the prior art. For example, U.S. Patent 7,251,853, which is hereby
incorporated by reference in its entirety, describes a robotic floor cleaner with a floor-
disinfecting function that utilizes a commercially available ultraviolet lamp to disinfect floor
surfaces. In addition to ultraviolet light, ozone has been used in cleaning equipment to
disinfect floor surfaces, see for example U.S. Patent 9,380,920 which is hereby incorporated
by reference in its entirety, and describes a floor cleaning machine that includes a method
for generating ozone and introducing it into the circulating water within the machine for the
purpose of eliminating pathogens in that water.

The generation of ultraviolet light is relatively energy intensive, so that large
batteries or a plug-in power source is required to generate light of sufficient intensity for a
disinfection function. High-intensity ultraviolet light can also have a bleaching effect on
color dyes, so that with repeated use the color of the treated floor area may change as
compared to other untreated areas of the floor. Ozone, while an effective sterilizing agent,
is also a hazardous substance that is covered by OSHA regulations at certain concentration
levels. Cleaning workers exposed to this gas may be required to use personal protective
equipment when cleaning the floors. Like ultraviolet light, ozone is also a strong bleaching
agent that can change the color of materials that are exposed to it. Ozone circulating in a
cleaning system will also degrade the plastic, pumps, and other materials within the
equipment unless specialized and costly ozone resistant material is used to construct the
machine. Given the urgent need to reduce HAIs and the limitations of the current
technology, there is opportunity to bring new technology to the solution to this problem that
may be intrinsically safer for cleaning workers, or that does not damage floors or equipment.

SUMMARY

Accordingly, there has been a long-felt and unmet need to provide systems, methods
and devices for cleaning and disinfecting flooring and ground surfaces wherein the
displacement and spread of pathogens, particulate, microbes, and similar materials is
eliminated or reduced.

Embodiments of the present disclosure provide a cleaning device that is operable to
clean and disinfect a floor surface, and/or clean a floor surface and disinfect the water or
fluid that is returned to the machine from the floor surface after the cleaning operation, or
any combination of the above listed operations. These techniques are described in relation
to a floor-scrubber; however, it is specifically contemplated that they can be applied to a

variety of cleaning equipment including stand alone or truck mounted carpet extractor
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machines, automatic and automated mops, and hand-held cleaning devices that clean using
a fluid that is deposited on the surface to be cleaned. Embodiments of the present disclosure
further contemplate enhanced safety aspects for users of machines, wherein fluid collected
within or by a machine is sanitized to reduce exposure to those who may be handling the
fluid or operating the machine(s) (i.e. servicing the machine, emptying fluid from the
machine, etc.). Itis further contemplated that the surface to be cleaned is not limited to floor
surfaces, but may include carpets, upholstery, bedding, horizontal surfaces such as counters,
tables and trays, and vertical surfaces such as cabinets, walls, doors, and other equipment.
Certain embodiments of the present disclosure contemplate providing methods and systems
that are suitable for cleaning in acute care environments. Acute care environments, at least
as used herein, refer to hospital and similar settings including, but not limited to, emergency
departments, intensive care, coronary care, cardiology, neonatal intensive care, and other
areas. However, methods and devices of the present disclosure are not limited to use in
acute care or hospital and similar settings and may be employed in various settings and
environments.

Embodiments of the present disclosure also contemplate the use and properties of
cavitation bubbles and their ability to clean and disinfect either surfaces or volumes of
liquid. Such embodiments contemplate the use of ultrasound and other methods and devices
to create bubbles in a fluid (e.g. water) through a process called cavitation. As reported by
F. Dunn and W. T. Coakley in “Interactions of Ultrasound and Microorganisms in
Suspension” Interactions of Ultrasound and Biological Tissues, ed. J. M. Reid and M. R.
Sikov, pp. 65-68, DHEW/FDA 73-8008, Rockville, 1973, which is hereby incorporated by
reference in its entirety, these cavitation bubbles can lead to the disintegration of both
pathogenic and non-pathogenic microorganisms in the fluid. These bubbles can
also clean dirt and debris from a surface to which they are expelled.

In some embodiments, cavitation bubbles are produced by the shearing effect of a
high-pressure water jet that is discharged within a liquid. Methods and devices for forming
cavitation bubbles are shown and described by Michael Marshall Wright in a thesis
submitted to the faculty of Brigham Young University, dated April 18, 2012, and which is
hereby incorporated by reference in its entirety. Various techniques shown and described
by Wright are contemplated for use with embodiments of the present disclosure. In
preferred embodiments of the present disclosure, the injection of a high-pressure stream into

a body of fluid, or passing through a specially designed Venturi tube is used to create
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cavitation bubbles. Such a method is generally more efficient than alternative embodiments
including, for example, creation of cavitation bubbles through the use of ultrasound.

In certain embodiments, a floor cleaning device is provided that comprises a device
capable of producing a high-pressure stream of water, and injecting the high-pressure stream
into a body of fluid. In some embodiments, the device is disposed within a fresh water tank,
a waste water recovery tank, or in a central tank of a recirculating system. This high-
pressure stream, when sprayed into water contained within the system produces cavitation
bubbles which can be used to disinfect the water in the tank, and/or surface upon which the
water is sprayed or applied. In addition, the fluid containing the cavitation bubbles can be
deposited on the floor or surface to be cleaned for enhanced cleaning and disinfection
thereof.

In yet another embodiment, a floor cleaning device is provided that is capable of
producing a high-pressure fluid stream which can be injected into a volume (e.g. puddle) of
water directly in front of a squeegee (for example), and wherein cavitation cleaning and
disinfecting is accomplished directly on the floor surface.

Embodiments of the present disclosure contemplate use of various techniques and
devices to produce cavitation bubbles. Such devices and techniques include, for example,
injection of a high-pressure stream, one or more Venturi tubes or features, an ultrasonic
device, a reciprocating device (e.g. propeller), an orifice plate, a circulating water channel,
a hydrofoil, and/or other means for creating cavitation bubbles.

In some embodiments, the principles of the Venturi effect are employed within floor
cleaning devices to generate cavitation bubbles within a fluid provided within a floor
cleaning device. One or more Venturi tubes are provided within at least one fluid flow path,
wherein a constriction is provided to alter the velocity and pressure of a fluid passing
through the Venturi. As shown and described in more detail herein, preferred geometries
of a Venturi tube are provided that cause a generation of cavitation bubbles within a fluid in
the system. One or more pumps are provided within a device to direct an appropriate fluid
flow rate through the at least one Venturi tube provided in the system.

In various embodiments, the present disclosure provides a floor cleaning device with
a high-pressure nozzle or other injection means to inject a stream of high-pressure fluid into
a reservoir or volume of fluid (e.g. a clean fluid storage tank provided on-board). The
Applicant has found that the provision of cavitation bubbles provide for an effective
cleaning means for removing dirt and contaminants, as well as killing or removing

pathogens and bacteria from a surface. It is believed that the formation and subsequent
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collapse of these cavitation bubbles provides significant advantages for cleaning and may
reduce or eliminate the need to clean with chemicals. Specifically, the present disclosure
contemplates the provision of cavitation bubbles in cleaning devices and operations to
remove soil and macro-scale dirt or debris, as well as contaminants and pathogens, such as
E. coli and salmonella. The collapse of cavitation bubbles, which may occur at and/or be
caused by contact with a surface, is known to create a suctioning effect, comprises the
release of a relatively large amount of energy, and acts to remove dirt from contacted
surfaces and to provide a level of disinfection to the surface.

Although cavitation bubbles generally comprise unstable elements, Applicant has
discovered that cavitation bubbles comprise sufficient structural stability and the ability to
remain present in a volume of fluid to provide sufficient time for cleaning operations. For
example, Applicant has discovered that cavitation bubbles may be formed or created in a
volume of fluid, and at least a portion of that fluid can be transported or conveyed to a
cleaning area prior to the collapse of the bubbles. This allows for cavitation bubbles to be
created at one region or portion of a cleaning machine, and thereafter conveyed to another
area (e.g. a floor surface) for use in cleaning without significant loss of the cavitation
bubbles. In various embodiments, devices and methods of the present disclosure comprise
such features and arrangements. Such arrangements may be advantageous, as the creation
of cavitation bubbles at or proximate to a surface to be cleaned poses a risk of causing
damage to the cleaning surface. In certain embodiments, cavitation bubbles are provided at
or proximal to a surface to be cleaned. For example, cavitation bubbles may be provided in
a pool or puddle of fluid provided on a surface by way of an injection nozzle, a propeller,
and/or an ultrasonic device. In preferred embodiments, however, it is contemplated that
cavitation bubbles are formed in one component or portion of a cleaning machine (e.g. a
clean fluid storage tank), and are thereafter conveyed to a surface to be cleaned and impacted
by the cavitation bubbles. Such preferred embodiments provide a system with reduced risk
of damage to the surface to be cleaned (such as may occur with the provision of a high-
pressure nozzle adjacent or proximal to a surface).

In various embodiments of the present disclosure, cleaning machines are provided
wherein a solution is prepared or provided with cavitation bubbles, and wherein the solution
is applied to a surface to be cleaned, preferably within approximately ten seconds of the
creation of the cavitation bubbles. Such embodiments include the ability and functionality

to continuously provide a solution with cavitation bubbles, and wherein the solution is
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conveyed to a surface to be cleaned, preferably within approximately ten seconds of a
creation of the bubbles.

Embodiments of the present disclosure contemplate methods and systems for the
disinfection of surfaces during cleaning, or the disinfection of water that is returned from
cleaned surfaces after cleaning. In various embodiments, techniques for accomplishing this
disinfection involve electro-chemical modification of a known disinfecting chemical, such
as enhancing the production of Chlorine Dioxide in a Sodium Chlorite solution such that it
temporarily becomes a stronger disinfecting agent, which is effective against a wider variety
of pathogens or can kill selected pathogens within a shorter contact time.

A method of producing Chlorine-free Chlorine Dioxide as a disinfectant from
Sodium Chlorite using an electrochemical cell is described in U.S. Patents 2,163,793 to
Ogden and 2,717,237 to Rempel, which are hereby incorporated by reference in their
entireties. The application of this method is not limited to the use of Sodium Chlorite as a
pre-cursor, but is reportedly effective using any chlorite and the chloride of an alkali or
alkaline earth metal.

In one embodiment, a floor cleaning device is provided with an electrochemical cell
disposed within a fresh water tank, a waste water recovery tank, or in a central tank of a
recirculating system. The electro-chemical cell is designed to promote a reaction between
Sodium Chlorite and Sodium Chloride (salt) and create an enhanced Chlorine Dioxide
disinfecting fluid. This disinfecting fluid is operable to be deposited on a floor or other
surface, disinfect that surface, or it can be used to disinfect either the contents of the waste
water recovery tank or the water stream in a continuously recirculating cleaning system.

There is also a need to safely and effectively render inert biological organisms that
may be present on surfaces to be cleaned or in spent cleaning fluids, etc. An aqueous
solution of chlorine dioxide, various alkyls, one or more various salts and tap water
("Aqueous Solution"), in appropriate and desired concentrations and with varying contact
dwell times, can be quite effective in safely rendering inert all forms of biological organisms
and microbes, present on surfaces or in fluids.

In a preferred embodiment of the disclosure, tap water can be approximately 99% of
the Solution, with the chlorine dioxide being approximately 0.200% of the Solution, an alkyl
comprised of dimethyl benzyl ammonium chloride being approximately 0.125% of the
Solution, a second alkyl comprised of dimethyl ethyl benzyl chloride ammonium being
approximately 0.125% of the Solution, and the remaining portion of the Solution being a

salt, such as an inorganic, ionic or mineral salts, typically in solution. One off-the-shelf
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solution that contains many, but not all, of these chemicals is VitalOxide, produced by Vital
Solutions, LLC.

A desired Aqueous Solution may be effective in safely rendering inert and thus
harmless, mold spores, organisms that produce mildew, active allergens, viruses, bacteria,
fungi and other microbes. The Aqueous Solution works in some situations by attacking the
envelope that contains DNA, protein or other active material, breaching that envelope and
subjecting the core material, i.e. proteins, to the Aqueous Solution, usually rendering those
materials inert. This process is sometimes referred to as "lysing" a cell.

An appropriate Aqueous Solution may be produced in any number of various ways.
For example, part or all the Aqueous Solution may be produced as a concentrate, with that
concentrate being stored on board a cleaning machine and with the concentrate(s) being
injected into a cleaning fluid prior to a final solution being injected upon a surface to be
cleaned or directly added to a spent fluid tank (either empty or containing spent fluid). In
other embodiments, each of the components of the Aqueous Solution could be kept in
separate containers on board a cleaning machine, mixed in a dispensing line or in a
dispensing container included on the cleaning machine, and dispensed onto a surface to be
cleaned, into a spent fluid tank or into a clean fluid tank, as may be desired and is understood
by a skilled artisan. In yet another embodiment, the Aqueous Solution could be produced
in a cleaning closet or other remote location, and placed in known manner into the "fresh"
cleaning tank of the cleaning machine. In that way, the Aqueous Solution will be supplied
to both the surface to be cleaned and into the spent fluid tank upon recovery from the surface
being cleaned. Any variation on these themes could be pursued and implemented by a
skilled artisan and are deemed well within the skill level in the art. The place of production
for the Aqueous Solution is, in the end, not critical, but can be informed by various product
or environment design requirements.

As is known in the cleaning and sanitizing apparatus art, portable spray systems that
include connecting hoses, appropriate valving and/or or metering valves for selectively
mixing incoming aqueous streams and/or dry chemicals is generally known. One such
system is shown in U.S. Patent No. 4,029,260, which is incorporated herein by this
reference. Another portable chemical mixing system is shown in U.S. Patent No. 5,558,252,
which is also incorporated herein by this reference. A further system known in the art
focuses on microfluidic mixing of aqueous solutions, with U.S. Patent No. 9,555,408 being
incorporated herein in its entirety. Real time injector systems are also used in the cleaning

and sanitizing art and one such system is disclosed in U.S. Patent No. 9,504,212, which is
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incorporated in its entirety herein by this reference. It is also known in the art how to
construct micro-chemical analysis devices, micro-mixing devices and micro-chemical
analysis systems and such systems are shown in U.S. Patent No. 9,327,255, which is hereby
incorporated into this disclosure in its entirety by this reference. These and other systems
are known in the art and can be utilized by a skilled artisan to facilitate the on-board
chemical mixing technologies and strategies discussed above.

In another embodiment, the cleaning machine may preferably have an onboard
microorganism diagnostic system that may be in communication with the spent fluid tank.
The diagnostic system may be operative to monitor different types of microorganisms being
collected by the cleaning machine and deposited into the spent fluid container. The total
number of detected organisms could also be determined by the diagnostic system. The
diagnostic system could then calculate, with the help of a microprocessor and onboard
analytical capabilities, essentially in real time, the most effective form of Aqueous Solution
for use with surfaces being cleaned and/or the most effective Aqueous Solution to be used
to sterilize spent fluid being stored in the spent fluid tank. The diagnostic system may also,
with the help of circuity communicating between the diagnostic system and the Aqueous
Solution mixing system, can direct what chemicals should be mixed and in what proportions
and what dwell time should be used to create the most desired Aqueous Solution for the then
involved situation and to communicate to equipment on the cleaning machine just how long
the Aqueous Solution should remain on a surface prior to collection, or remain in the spent
fluid tank prior to moving the device to a new location, etc.

Systems for identifying and quantifying target microorganisms are known and could
be modified by a skilled artisan to operate in a portable floor cleaning environment. For
instance, U.S. Patent No. 8,808,649 discloses how to identify various bacteria in fluid, with
that patent being hereby incorporated in its entirety into this disclosure. Similarly, U.S.
Patent No. 9,128,058 discloses a method for separating, characterizing and identify
microorganisms in a sample of fluid, and that patent too is hereby incorporated into this
disclosure by this reference. A further prior art system useful in identifying microorganisms
in a sample of fluid is U.S. Patent No. 8,828,680, which is hereby incorporated by this
reference. Another incorporated prior art reference is U.S. Patent No. 8,652,800, which
discloses a method for separating, characterizing and identifying microorganisms using
spectroscopic measurements.

In various embodiments of the present disclosure, cleaning devices are contemplated

as comprising a plurality of on-board fluid storage tanks for clean and/or spent fluids. In
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some embodiments, a first tank or volume is provided for housing clean fluids to be
dispensed to a floor surface during a cleaning operation and a second tank is provided for
receiving or collecting spent fluids (e.g. those that are recovered or drawn from a surface by
avacuum). It is further contemplated that some embodiments of the present disclosure that
comprise at least two storage tanks further comprise features and systems wherein a spent
fluid is capable of being treated and cleaned. For example, in some embodiments, it is
contemplated that used fluid collected in a second tank may be cleaned or disinfected. Such
cleaning processes are achieved through, for example, the application of an Aqueous
Solution to the dirty fluid and/or the application of cavitation to the fluid.

It is specifically contemplated that although an Aqueous Solution, such as Vital
Oxide, is most convenient to and readily obtained on the market, all or some of the
components of such an Aqueous Solution may be added to one or more of the tanks of the
cleaning machine when they are in a non-aqueous form. The addition of these components
can be prior to filling the tank with water, or the component can be added directly to the
aqueous fluid already present in the tank.

In further embodiments, it is contemplated that embodiments of the present
disclosure provide for floor cleaning devices that comprise a single on-board fluid storage
tank. In such embodiments, the fluid storage comprises the ability to house and dispense a
clean fluid as well as receive and “clean” a used or dirty fluid. The used or dirty fluid, which
is preferably collected by a vacuum device, is transferred back to the storage tank. The fluid
is cleaned or disinfected by the provision and creation of cavitation bubbles created in the
fluid before, during, and/or after it is provided in the tank. In addition to or in lieu of the
application of cavitation bubbles, an Aqueous Solution or other cleaning agent may be
applied to the re-collected fluid. The provision of a single tank in accordance with such
embodiments provides for a machine of reduced sized, weight, and power requirements.
Overall system efficiencies are improved wherein the machine itself comprises less mass
and is required to house and transport less mass. Such devices are therefore simpler to
manufacture and require less power from a battery system, thereby further reducing the
weight and cost of such systems.

Embodiments of the present disclosure contemplate methods and systems utilizing
a combination of hydrodynamic cavitation and chemical disinfectants, which is found to be
more effective at killing pathogens than either technique alone. It should be recognized,
however, that the present disclosure is not limited to such systems. For example, in some

embodiments, a device comprising and utilizing only cavitation features is contemplated.
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Various features, devices and methods are described herein. It should be recognized
that these features, devices and methods are not mutually exclusive and that the combination
of various disclosed concepts may be combined. For example, embodiments of the present
disclosure contemplate the use of Venturi features, an electrochemical cell, and a storage
tank for housing a cleaning chemical or treatment chemical, even if such a specific
combination is not shown in the Figures.

The Summary is neither intended nor should it be construed as being representative
of the full extent and scope of the present disclosure. The present disclosure is set forth in
various levels of detail in the Summary as well as in the attached drawings and the Detailed
Description and no limitation as to the scope of the present disclosure is intended by either
the inclusion or non-inclusion of elements, components, etc. in this Summary. Additional
aspects of the present disclosure will become more readily apparent from the Detailed
Description, particularly when taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Those of skill in the art will recognize that the following description is merely
illustrative of the principles of the disclosure, which may be applied in various ways to
provide many different alternative embodiments. This description is made for illustrating
the general principles of the teachings of this disclosure and is not meant to limit the
inventive concepts disclosed herein.

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the disclosure and together with the general
description of the disclosure given above and the detailed description of the drawings given
below, serve to explain the principles of the disclosure.

It should be understood that the drawings are not necessarily to scale. In certain
instances, details that are not necessary for an understanding of the disclosure or that render
other details difficult to perceive may have been omitted. It should be understood, of course,
that the disclosure is not necessarily limited to the particular embodiments illustrated herein.

Fig. 1 is a perspective view of a floor cleaning device according to one embodiment
of the present disclosure.

Fig. 2 is a perspective view of a component of a floor cleaning device according to
one embodiment of the present disclosure.

Fig. 3 is a perspective view of a component of a floor cleaning device according to

one embodiment of the present disclosure.

10



10

15

20

25

30

WO 2018/148498 PCT/US2018/017553

Fig. 4 is a top plan view of a tank feature of a floor cleaning device according to one
embodiment of the present disclosure.

Fig. 5 is a cross-sectional elevation view of a tank system for a floor cleaning device
according to one embodiment of the present disclosure.

Fig. 6 is a cross-sectional elevation view of a tank system for a floor cleaning device
according to one embodiment of the present disclosure.

Fig. 7 is a schematic of a fluid recovery system and fluid flow path according to one
embodiment of the present disclosure.

Fig. 8 is a schematic of components of a floor cleaning device according to one
embodiment of the present disclosure.

Fig. 9 is a schematic of components of a floor cleaning device according to one
embodiment of the present disclosure.

Fig. 10 is a schematic of components of a floor cleaning device according to one
embodiment of the present disclosure.

Fig. 11 is a schematic of components of a floor cleaning device according to one
embodiment of the present disclosure.

Fig. 12 is a schematic of a portion of a floor cleaning device according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION

Fig. 11is a perspective view of a floor cleaning device 2 according to one embodiment
of the present disclosure. The device 2 of Fig. 1 comprises a walk-behind cleaning device
with a chassis 4, a trailing squeegee 6, and a brush or burnisher 8. It will be recognized,
however, that the present disclosure is not limited to walk-behind floor cleaners. Various
features and devices shown and described herein are useful with and contemplated as being
provided without various different floor cleaners including, but not limited to, walk-behind
and ride-on floor cleaners. The chassis 4 comprises an upper section and a lower section,
and a first fluid storage tank 10 is provided in the lower section while a second fluid storage
tank 12 is provided in the upper section. The brush 8 is powered by a motor 14, and a filter
13 is provided to filter fluid returned from the floor surface. In certain embodiments, a floor
cleaning device 2 is provided wherein a second fluid storage tank 12 comprises a storage
tank for a used or dirty fluid that may be filtered and/or disinfected and reused to clean a
surface.

In various embodiments, cleaning devices 2 of the present disclosure provide a

device wherein a first and/or second fluid storage tank 10, 12 comprises the ability to form
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cavitation bubbles in a fluid stored in the first fluid storage tank 10 (for example) prior to
the dispensation of fluid to a surface to be cleaned. For example, and as shown in Fig. 1,
the device 2 is contemplated as comprising a fluid injection nozzle in the form of at least
one high-pressure injection nozzle 11 for injecting at least one high-pressure stream of fluid
flow into a volume of fluid provided in the first fluid storage tank 10. The shear force
created between the stored fluid and the injected fluid creates cavitation bubbles in the stored
fluid, which may then be provided to a floor surface 20 to aid in cleaning operations. Stored
fluid is provided to a floor surface 20 by various known means including, for example, one
or more pumps to convey fluid from the tank to the floor 20 via a dispensing outlet or similar
structure.

Various nozzles are contemplated for use with embodiments of the present
disclosure. In preferred embodiments, it is contemplated that a floor cleaning device

<

comprises at least one “zero degree” nozzle for injecting a direct jet of fluid into a
preexisting volume of fluid at a pressure of between approximately 800 and 4000 psi and
preferably of about 1,400 psi.

As further shown in Fig. 1, the device 2 comprises a second fluid storage tank 12
that is operable to receive and store a spent or dirty fluid. In the embodiment of Fig. 1, the
device 2 comprises a vacuum motor 5 which is preferably provided in combination with a
pick-up orifice proximal to the squeegee 6. The vacuum is operable to collect and convey
fluid from the floor surface 20 to the fluid storage tank 12 where it is housed and/or treated.
The second fluid storage tank 12 is contemplated as comprising fluid treatment systems,
wherein fluid stored and housed by the tank 12 is treated and/or disinfected. Various
embodiments of the present disclosure contemplate the provision of floor cleaning devices
for use in acute care environments, and where pathogens are known or are likely to be
present on a floor surface. Accordingly, in addition to removing and collecting dirt and
debris from a floor surface, embodiments of the present disclosure contemplate devices that
are also capable of trapping and killing pathogens, bacteria, and other potentially harmful
organisms that may be present on a floor surface and/or that are collected by the device.

In some embodiments, an Aqueous Solution is provided as a concentrate on-board
the device 2 and is injected into a cleaning fluid stored in the first solution storage 10 and/or
the second solution storage tank 12. In other embodiments, components of the Aqueous
Solution are kept in separate containers on board the device 2, and are mixed in a dispensing
line or in a dispensing container included on the device 2, and dispensed onto a surface to

be cleaned, into a spent fluid tank 12 or into a clean fluid tank 10. In yet another
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embodiment, the Aqueous Solution is produced in a cleaning closet or other remote location,
and placed into the first fluid storage tank 10. In that way, the Aqueous Solution is supplied
to both the surface to be cleaned 20 and into the spent fluid tank 12 upon recovery from the
surface being cleaned. The present disclosure thus contemplates various embodiments
wherein pathogens and similar harmful elements found on a surface to be cleaned are
neutralized on contact and/or are contained and neutralized once collected within features
of the device (e.g. the spent fluid storage tank 12).

Various embodiments of the present disclosure contemplate providing a volume of
fluid on a floor surface. In some embodiments, it is contemplated that the volume of fluid
is to be maintained on the floor surface (generally beneath the machine and in front of the
squeegee) for a predetermined amount of time. For example, certain embodiments
contemplate an extended use of fluid on a floor surface such that cavitation bubbles or
chemical features of the fluid are provided with adequate time to perform their cleaning
and/or sterilization functions. Therefore, as opposed to depositing and immediately
collecting fluid, certain embodiments of the present disclosure contemplate employing
features shown and described in U.S. Patent 8,966,693 to Tucker et al., which is hereby
incorporated by reference in its entirety. Tucker et al. discloses, for example, a squeegee
and vacuum assembly with the provision of flow ports that allow for the collection and pick-
up of dirty fluid, but also promote pooling of at least some fluid directly adjacent to the
squeegee. Such features are specifically contemplated as being provided in various
embodiments of the present disclosure, and are advantageous at least wherein fluid is to be
maintained on a floor surface for a sufficient amount of time to allow for cavitation bubbles
and/or chemical agents to perform cleaning functions and processes.

As 1s further shown in Fig. 1, a fluid recovery tank 12 is provided according to one
embodiment of the present disclosure. In one embodiment, a floor cleaning machine is
provided that comprises a plurality of tanks. Specifically, it is contemplated that floor
cleaning machines of certain embodiments of the present disclosure comprise a recovery
tank, a sanitizing tank, and a solution tank. The recovery tank comprises a storage volume
(e.g. 5 gallons) that is operable to receive and store a liquid recovered or collected from a
cleaned surface. A sanitizing tank is provided that comprises a temporary storage volume
(e.g. 5 gallons) for sanitizing fluid received from the recovery tank. In some embodiments,
the sanitizing tank comprises a recirculation line wherein fluid to be cleaned is cycled
through a Venturi tube to create cavitation bubbles and enhance cleaning of the fluid. A

solution tank is further provided that comprises a storage volume (e.g. 10 gallons) for storing
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fluid for use in cleaning by a scrubber, for example. Fig. 1 depicts a recovery tank 12
including a pick-up inlet 13 comprising a strainer or coarse-filter member. Although the
embodiment of Fig. 1 illustrates a two-tank system, it is further contemplated that floor
cleaning devices are provided that comprise a single tank system wherein fluid that is
returned to the tank is cleaned in accordance with embodiments of the present disclosure.

Fig. 2 is a perspective view of a component of one embodiment of a floor cleaning
device according to one embodiment of the present disclosure. As shown, a squeegee 22 is
provided, which preferably comprises a vacuum shoe and pick-up orifice. The squeegee 22
preferably extends from a lower portion of the cleaning machine (not shown in Fig. 2) and
contacts a floor or ground surface 24 and promotes or creates a pool 26 of cleaning fluid on
the surface 24. A propeller 30 extends from a chassis of a cleaning machine wherein a drive
shaft 28 is provided and comprises a propeller 30 at a distal end thereof. The drive shaft 28
supports the propeller 30 and is operable to provide a torque to the propeller 30, which
comprises a plurality of blades to create a shear force on the fluid 26 provided on the floor
surface 24. A shear force created by the propeller 30 is operable to create cavitation bubbles
in the fluid 26 provided on the surface 24. The force of the propeller further provides for
an agitation of fluid and a greater amount of fluid is provided in contact with a floor surface
by way of the mixing and agitation thereof. In some embodiments, a propeller 30 is
provided that is operable to generate turbulent flow in a fluid contacting the propeller 30,
thereby enhancing cleaning properties of the device.

The cavitation bubbles are operable to enhance cleaning operations of the machine
and fluid, as described herein. The embodiment of Fig. 2 depicts a propeller 30 provided
on a drive shaft 28 that extends from a cleaning machine and wherein the propeller is
operable to contact a fluid provided on a floor surface. In alternative embodiments, it is
contemplated that a propeller is provided in a first fluid storage tank or a second fluid storage
tank. The present disclosure contemplates creating and providing cavitation bubbles to a
fluid in a dirty fluid storage tank and/or a clean fluid storage tank to clean or disinfect stored
fluid or enhance cleaning abilities of a clean fluid, respectively. In such embodiments, the
propeller is operable to create a shear force within a fluid stored within the first fluid storage
tank and create cavitation bubbles in the fluid prior to dispensation of the fluid onto the floor
surface.

In some embodiments, a floor cleaning device is provided that comprises at least one
of a high-pressure injection nozzle and a Venturi tube in an outlet conduit or hose. For

example, in some embodiments, a fluid dispensation conduit or hose for dispensing fluid
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from an internal storage tank to a floor surface comprises a high-pressure injection nozzle
that is arranged and configured to create cavitation bubbles in a fluid as the fluid is being
dispensed and/or just prior to dispensation of the fluid.

Fig. 3 is a perspective view of a component of one embodiment of a floor cleaning
device according to one embodiment of the present disclosure. As shown, a squeegee 32 is
provided, which preferably comprises a vacuum shoe and pick-up orifice. The squeegee 32
preferably extends from a lower portion of the cleaning machine (not shown in Fig. 3) and
contacts a floor or ground surface 34 and promotes or creates a pool 36 of cleaning fluid on
the surface 34. An acoustic generator extends from a chassis of a cleaning machine wherein
a shaft 38 is provided and comprises an acoustic member 40. The shaft 38 supports the
acoustic member 40 and is operable to provide a power to the acoustic member 40, which
creates ultrasonic cavitation bubbles. The cavitation bubbles are operable to enhance
cleaning operations of the machine and fluid, as described herein. The embodiment of Fig.
3 depicts an acoustic member 40 provided on a shaft 38 that extends from a cleaning
machine and wherein the acoustic member is operable to contact a fluid provided on a floor
surface. In alternative embodiments, it is contemplated that an acoustic member is provided
in a first fluid storage tank (see 10 of Fig. 1, for example). In such embodiments, the
acoustic member is operable to create a shear force within a fluid stored within the first fluid
storage tank and create cavitation bubbles in the fluid prior to dispensation of the fluid onto
the floor surface.

As shown in Fig. 3, a plurality of acoustic generator elements 31 are provided on a
rotating disc or pad 40. The acoustic generator elements 31 are provided and arranged in a
spiral pattern such that a rotation of the pad 40 causes a sweeping motion of each of the
elements and a substantial entirety of a floor surface area beneath the pad is impacted by
ultrasonic vibration.

Figs. 4-5 are top plan and side elevation views of a tank for a floor cleaning device
60, respectively. The device 60 of Figs. 4-5 comprises a plurality of internal fluid storage
tanks including a recovery tank 61 and a sanitizing tank 62. The recovery tank 61 is
provided vertically above the sanitizing tank and, in some embodiments, gravity-feeds fluid
to the sanitization tank. One example of a gravity feed solution contemplated for use in
embodiments of the present disclosure is shown in U.S. Patent 9,357,895 to Leifheit et al.,
which is hereby incorporated by reference in its entirety. Features shown and described in
Leitheit are contemplated as being employed in embodiments of the present disclosure to

convey fluid from one tank to another within the device and/or to dispense fluid from the
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device to a floor surface. As shown in Fig. 5, the recovery tank 61 comprises a general
collection tank for spent fluids. The sanitizing tank 62 comprises a compartment that is
operable to house and selectively treat and disinfect fluid drained or transferred from the
recovery tank 61.

Fig. 6 is a cross-sectional elevation view of a tank system 60 of a floor cleaning
device of the present disclosure comprising a recovery tank 61 and a sanitization tank 62.
The sanitizing tank 62 comprises a segmented storage volume at least partially
interconnected by at least one pump 64. The number and sizing of pumps may be varied
based on desired flow-rates and other considerations. In the depicted embodiment, the
device comprises first 64a and second pumps 64b provided in parallel. The pumps and the
segmented volume of the sanitizing tank 62 are provided with at least one Venturi tube 66
for creating a reduced pressure and inducing the creation of cavitation bubbles which are
operable to clean and disinfect a solution passing through the Venturi. The sanitizing tank
62 of the depicted embodiment comprises a first volume 62a and a second volume 62b and
wherein fluid is treated or sanitized upon passage or transfer from the first volume 62a to
the second volume 62b. In some embodiments, fluid may be cycled through the Venturi 66
multiple times. The recovery tank 60 and the sanitization tank 62 are separated by a partition
68. Fluid may be transferred from the recover tank 61 to the sanitization tank 62 by various
means including, but not limited to, a gravity-fed connection 65. Sanitized or partially-
sanitized fluid may be pumped or otherwise transferred to a solution tank prior to
dispensation to a floor or ground surface. In some embodiments, a plurality of pumps 136a,
136b are provided to achieve desirable conditions wherein the appropriate flowrate and
pressures are achieved.

In some embodiments of the present disclosure, methods and systems are provided
wherein a fluid is cycled or passed through a Venturi feature multiple times before the fluid
is deemed ready for transfer to (or use in) a further process.

A method of operating the device of the embodiment of Fig. 6 is contemplated
wherein a fluid is provided in the recovery tank 60. Fluid collected or provided in the
recovery tank 60 is selectively transferred to a first volume 62a of the sanitization tank 62.
In some embodiments, a valve or pump is selectively activated to enable flow from the
recovery tank 60 to the first volume 62a. Subsequently, fluid is simultaneously transferred
and sanitized by passing the fluid from the first volume 62a to the second volume 62b by
pumping the fluid through the Venturi tube 66. Cavitation bubbles formed during the

transfer process facilitate cleaning of the fluid and create for a fluid provided in the second
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volume 62b that comprises enhanced cleaning characteristics. The fluid in the second
volume 62b is then operable to be transferred to a floor or other surface for use in cleaning
operations.

Fig. 7 1s a schematic of a batch system 70 for use with one embodiment of the present
disclosure. As shown, the system 70 comprises a fluid flow path wherein a solution tank 72
is operable to store a fluid and to dispense the fluid to a floor or ground surface 74 for
cleaning. The fluid may be ejected from the solution tank 72 either directly onto a floor or
ground surface, or the fluid may be provided to a cleaning device (e.g. a brush or scrubber).
A vacuum or other pick-up device (not shown) is provided to remove spent fluid from the
ground or floor surface 74 and draw the fluid into a recovery tank 76. The recovery tank 76
is contemplated as comprising at least one filter provided at an entrance or exit to the
recovery tank 76 or at a location provided therebetween. The recovery tank is in fluid
communication with a sanitization tank 78 for sanitizing a collected fluid by one or more of
the devices and methods described herein. The sanitizing tank 78 is in fluid communication
with the solution tank 72 to return cleaned or sanitized fluid to the solution tank 72 for
further use in floor cleaning operations. In preferred embodiments, the solution tank 72
comprises a tank provided at the lowest point of gravitational potential energy with respect
to the sanitization tank 78 and the recovery tank 76.

Fig. 8 is a schematic depicting the layout of a surface cleaning device according to
one embodiment of the present disclosure. As shown, a surface cleaning device is
contemplated that comprises a sanitization tank 80, a pump 82, and a Venturi tube 84. As
shown, various sensing means are provided, including pressure sensors 86a, 86b, 86c¢, at
least one pressure gauge 88 and at least one rotameter 90 for measuring flow rate(s). As
shown, fluid may be continuously recirculated from a sanitization tank 80, through a Venturi
tube 84, and back to the sanitization tank 80. A filter 92 is provided, which in some
embodiments comprises a high-pass filter for capturing large or coarse particulates from a
fluid flow stream.

According to certain embodiments, fluid to be treated may be subjected to at least
one of chemical sanitization and a sanitization process including the use of cavitation
bubbles formed by a Venturi to create forces upon disruption that alter, destroy, denature,
or otherwise neutralize pathogens. In preferred embodiments, fluid to be treated is subjected
to a chemical cleaning agent and also subjected to cavitation bubbles by passing said fluid

through an orifice plate or a Venturi tube, for example.
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Fig. 91is a schematic of a device 100 according to another embodiment of the present
disclosure wherein the device 100 comprises at least one battery-powered electro-chemical
cell 102 for on-board creation or modification of a cleaning agent including, for example, a
Chlorine Dioxide solution generated from Sodium Chloride and Sodium Chlorite. The cell
comprises a tank 104 comprising contacts 113 in communication with at least one battery
111 or other means of providing electrical energy to the electrodes 113.

In various embodiments, an electro-chemical cell 102 is provided that comprises an
anode and a cathode that are both approximately 4.5 c¢cm in diameter and spaced
approximately 2.0 mm apart. The anode and/or the cathode comprise an iridium coated
Titanium/Platinum alloy. In some embodiments, a current of approximately 4 amps is
applied at approximately 11 Volts at a power rating of 45 Watts to generate a solution. U.S.
Patents 2,163,793 to Ogden and 2,717,237 to Rempel, which are hereby incorporated by
reference in their entireties, disclose methods and systems of electrolytic production of
chlorine dioxide. Various features and methods of these references are contemplated for
use with floor-cleaning devices of the present disclosure.

The cleaning agent may be drawn from a generation tank 104 into either a dirty water
tank or a clean solution tank 110 by way of a Venturi injector 106. In the depicted
embodiment, the Venturi injector 106 does not comprise a device that is operable or intended
to create cavitation bubbles. It is contemplated, however, that an additional Venturi device
is provided for that specific purpose within the system shown in Fig. 9. A valve 109 is
provided to control fluid flow.

Fig. 9 depicts a system wherein the electro-chemical cell 102 is operable to create or
modify a fluid cleaning agent. The modified agent is then drawn into further components
of a cleaning system by the operation of a Venturi 106 through which additional fluid is
pumped by at least one pump 108. The combined or comingled fluid from the pump and
the electro-chemical cell 102 collected in a tank 110. Fluid collected or provided in the tank
110 may be subjected to further treatment and/or dispensed for use in cleaning operations.

Fig. 10 is a schematic view of a Chlorine Dioxide removal or mitigation system 114
according to one embodiment of the present disclosure. As shown, a compressor 116 is
provided to convey air 117 to a sanitization tank 118 and increase mass transfer and a rate
of removal of Chlorine Dioxide through a vapor phase. An air filter 120 is provided to filter
vaporized contents, and a color indicator 122 is provided in or in combination with the filter
120 to indicate to a user when the filter requires replacement. Air is exhausted to an external

environment 123,
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Fig. 11 is a schematic of a system 130 of the present disclosure wherein fluid from
a sanitization or “scrubber tank” 131 is cycled through a Venturi tube 132 to create
cavitation bubbles and provide an associated cleaning or sanitization effect. A valve 134 is
provided to regulate a flow of sanitized fluid to a floor or ground surface and/or to return
the fluid to the scrubber tank 131. Although not shown in Fig. 11, a cleaning agent (e.g.
Chlorine Dioxide) is contemplated as being provided to enhance sanitization of the fluid.
The cleaning agent may be introduced into the system or created in the system at various
locations including, for example, a recovery tank wherein the agent is then passed to a
sanitization tank 131. It will be recognized that dimensions and characteristics of Venturi
tubes for use with embodiments of the present disclosure may vary based on user-
preference, machine requirements (flow rate, for example) and other factors. Additionally,
it is contemplated that a plurality of Venturi tubes may be provided to increase sanitization
and/or flow rates.

As shown in Fig. 11, a sanitization tank 131 is provided as a central repository for
fluid. The sanitization tank 131 is in fluid communication with at least one pump 136, and
preferably first and second pumps 136a, 136b. The sanitization tank 131 comprises an inlet
that is operable to receive or collect fluid from a vacuum shoe or similar device. A filter
138 is provided to filter debris and solids from the fluid prior to entering the pump(s) 136a,
136b. The pumps are operable to transfer fluid to and through the Venturi 132, where it
then passes to a relief valve 133 and to the valve 134. The valve 134 is operable to
selectively control fluid flow such that the fluid may be returned or otherwise provided to a
floor surface and/or be diverted back to a scrubber tank. At least one filter is provided
downstream of the valve 134 to provide a final filtration stage before dispensing the fluid to
a floor surface. In the depicted embodiment, a plurality of filters 140a, 140b, 140c are
provided in series. It is contemplated that the filters 140a, 140b, 140c are provided as filters
of decreasing pore size to sequentially filter larger then smaller particulate and prevent the
finer filter(s) from becoming obstructed with large debris. One or more pressure valves 142
are provided at various points in the system 130.

Fig. 12 is a cross-sectional view of a Venturi feature 150 according to one
embodiment of the present disclosure. As shown the Venturi feature 150 generally
comprises a tube or fluid conduit. The Venturi feature 150 comprises an overall length L, a
maximum diameter D, and a constricted diameter d. An entrance portion 152 comprises a
maximum diameter D that converges in a conical convergent section 154 with a length Lcc

extending between an inlet of the Venturi and a constricted throat 156. The throat 156 is
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connected to a conical divergent section 158 extending to an outlet 159. The throat 156
comprise a length LT extending between the convergent and divergent sections. Although
the dimensions and proportions of Venturi features may vary in different embodiments of
the present disclosure, one embodiment of the present disclosure contemplates a Venturi
feature 150 comprising an overall length of between approximately 2.0 and 10.0 inches, and
preferably of approximately 4.0 and 6.0 inches; an entrance diameter of between
approximately 0.50 inches and 1.25 inches, and preferably of approximately 0.75 inches; a
constricted diameter in the throat of between approximately 0.05 inches and 0.5 inches, and
preferably of approximately 0.17 inches; a throat length LT of between approximately 0.05
inches and 0.5 inches, and preferably between approximately 0.17 and 0.25 inches. A length
of the conical convergent section is preferably about 20 percent of the total length L. A
length of the conical divergent section is preferably about 60 percent of the total length L.
In preferred embodiments of the present disclosure at least one Venturi feature 150 is
provided within a floor cleaning device wherein a ratio of the throat diameter d to the inlet
diameter D is approximately 0.22. Applicant has found that such features and geometries
provide for efficient and reliable generation of cavitation bubbles for use in cleaning
operations without creating excessive or unreasonable pressure or power demands from a
pump, for example.

An entrance angle a is provided in the conical convergent section, and an exit angle
B. In some embodiments, the exit angle is less than the entrance angle. In various
embodiments, the entrance angle o comprises an angle between approximately 5 and 15
degrees, and preferably between approximately 9 and 11 degrees. In various embodiments,
the exit angle B comprises an angle between approximately 2 and 10 degrees, and preferably
between approximately 3 and 7 degrees. The Venturi feature of the depicted embodiment
is preferably provided with a flow rate of approximately 8 gallons per minute and a pressure
of approximately 60 psi.

The strength of cavitation produced by a Venturi tube can be expressed as the

Cavitation Number as follows:

As shown above, the Cavitation Number (Ca) is calculated as a ratio of the difference

between downstream pressure (p) and the vapor pressure of the liquid (pv) to half of the
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product of density of the liquid (p) times the square of the liquid velocity (v). In preferred
embodiments, an optimal cavitation number is between approximately 0.13 and 0.17.

The exact mechanisms by which cavitation kills cells are unknown; although, studies
suggest that the damaging effects of the free radicals are likely a smaller factor in cell death
compared to the shock waves. The high velocity shockwaves create a volatile flow with
changing pressures, eddies, and micro vorticities. When cells are exposed to these turbulent
conditions they are pulled in opposite directions, creating shear stress, which increases the
permeability of the outer membrane or in some cases completely disrupts it. In some
embodiments, the formation of and provision of cavitation bubbles is provided in
combination with the application of a chemical cleaning agent such as an Aqueous Solution
wherein cavitation bubbles provide a mechanical means for breaking down or damaging
cells such that the chemical agent is more effective than if it were applied to healthy,
undamaged cells. Necessary dwell times and overall device effectiveness are thereby
improved.

While various embodiments of the present disclosure have been described in detail,
it is apparent that modifications and alterations of those embodiments will occur to those
skilled in the art. Moreover, references made herein to “the present invention” or aspects
thereof should be understood to mean certain embodiments of the present disclosure and
should not necessarily be construed as limiting all embodiments to a particular description.
It is to be expressly understood that such modifications and alterations are within the scope

and spirit of the present disclosure, as set forth in the following claims.
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What is claimed is:

1. A floor cleaning machine, comprising:

a chassis;

a first storage tank for holding unused cleaning fluid;

a second storage tank for holding spent cleaning fluid,;

at least one of a high-pressure injection nozzle and a Venturi tube in fluid
communication with an internal volume of the first storage tank, wherein the at least one of
a high-pressure injection nozzle and a Venturi tube is operable to form cavitation bubbles
in a volume of fluid within the floor cleaning machine;

wherein the second storage tank is in selective fluid communication with the first
storage tank; and

at least one dispensing apparatus for dispensing fluid from the first storage tank.

2. The floor cleaning machine of claim 1, wherein a high-pressure injection
nozzle is provided in the first storage tank.

3. The floor cleaning machine of claim 1, wherein a high-pressure injection
nozzle is provided in the second storage tank.

4. The floor cleaning machine of claim 1, wherein at least one vacuum
apparatus is in fluid communication with the second storage tank to convey used or spent
fluids from a floor surface to the second storage tank.

5. The floor cleaning machine of claim 1, wherein an aqueous solution of
chlorine dioxide, various alkyls, one or more various salts and tap water is provided as a
concentrate on-board the device, and wherein the solution is operable to be injected into a
cleaning fluid stored in at least one of the first fluid storage tank and the second fluid storage
tank.

6. The floor cleaning machine of claim 1, wherein the first fluid storage tank
comprises a first internal volume and a second internal volume.

7. The floor cleaning machine of claim 6, wherein a pump is provided and
operable to convey fluid between the first internal volume and the second internal volume.

8. The floor cleaning machine of claim 7, wherein a Venturi tube is provided
between the first internal volume and the second internal volume.

0. A floor cleaning machine, comprising:

a chassis;

a fluid storage tank;
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at least one of a Venturi feature and a fluid injection nozzle in fluid communication
with an internal volume of the fluid storage tank that is operable to eject a fluid to form
cavitation bubbles in the fluid storage tank;

at least one dispensing apparatus for dispensing fluid from the storage tank to a floor
or ground surface;

a vacuum apparatus comprising a squeegee and at least one vacuum port provided
on a lower portion of the chassis, wherein the vacuum apparatus is operable to transmit a
fluid from a floor or ground surface to an interior of the chassis.

10. The floor cleaning machine of claim 9, wherein the floor cleaning machine
comprises a second fluid storage tank and the vacuum apparatus is in fluid communication
with a second fluid storage tank to convey used or spent fluids from the floor surface to the
second fluid storage tank.

11. The floor cleaning machine of claim 9, further comprising a second fluid
storage tank in selective fluid communication with the fluid storage tank, and wherein the
second fluid storage tank is operable to house and selectively dispense a solution to treat a
fluid in the fluid storage tank.

12.  The floor cleaning machine of claim 11, wherein the second fluid storage
tank comprises a solution comprising water, sodium chloride, and sodium chlorite.

13. The floor cleaning machine of claim 10, wherein a high-pressure injection
nozzle is provided in the second fluid storage tank.

14. A floor cleaning machine, comprising:

a chassis;

a first storage tank for holding unused cleaning fluids and a second storage tank for
holding spent cleaning fluids;

a high-pressure injection nozzle that is operable to form cavitation bubbles in a
volume of fluid housed within the floor cleaning machine;

at least one dispensing apparatus for dispensing unused cleaning fluid from the first
storage tank; and

a vacuum apparatus comprising a vacuum port proximal to a lower portion of the
chassis for retrieving fluids.

15. The floor cleaning machine of claim 14, wherein the high-pressure injection
nozzle is provided in the first storage tank.

16. The floor cleaning machine of claim 14, wherein the high-pressure injection

nozzle is provided in the second storage tank.
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17. The floor cleaning machine of claim 14, wherein the vacuum apparatus is in
fluid communication with the second storage tank to convey used or spent fluids from a
floor surface to the second storage tank.

18.  The floor cleaning machine of claim 14, wherein an aqueous solution of
chlorine dioxide, various alkyls, one or more various salts and tap water is provided as a
concentrate on-board the device, and wherein the solution is operable to be injected into a
cleaning fluid stored in at least one of the first fluid storage tank and the second fluid storage
tank.

19. The floor cleaning machine of claim 14, further comprising a third fluid
storage tank in selective fluid communication with at least one of the first fluid storage tank
and the second fluid storage tank, and wherein the third fluid storage tank is operable to
house and selectively dispense a solution to treat a fluid in the first or second fluid storage
tank.

20.  The floor cleaning machine of claim 19, wherein the third fluid storage tank

comprises a solution comprising water, sodium chloride, and sodium chlorite.
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