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and a valve system in the toilet tank, the valve system
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to Provisional Appli-
cation No. 63/526,518 filed July 13, 2023, and Applica-
tion No. 18/763,012 filed July 3, 2024, which are hereby
incorporated by reference in their entirety.

FIELD

[0002] The present application relates generally to the
disinfection of a toilet tank and water channels fluidly
connected to the toilet tank.

BACKGROUND

[0003] One significant sanitary problem in the bath-
room is the toilet tank interior. During a field study, it was
found that nearly 75% of participants had iron deposits
and black biofilm inside their toilet tanks. This is difficult to
control. Airborne microbes may be pulled into the tank
through the crack between the lid and tank with every
flush. Here themicrobesmay grow in the tankwater. One
problem is that any microbes that exist within the tank
water are flushed into the bowl with every use. These
microbes can also become aerosolized with each flush
and may potentially be harmful to the user. Currently, the
interior surfaces of toilet tanks are not regularly and
automatically cleaned or disinfected.
[0004] Moreover, biofilms grow until they are scrubbed
away by the user, which may be rarely done if ever. Few
solutions exist for keeping the tank water and tank walls
disinfected. Today water sanitization is primarily accom-
plished by chlorination of the water supply at the water
treatment plant. One problem is that many toilets are not
always plumbed into chlorinated water systems, and
some buildings or residences are at the end of long
lengths of pipes where the chlorine has reacted or dis-
sipated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Exemplary embodiments are described herein
with reference to the following drawings, according to an
exemplary embodiment.

FIG. 1 illustrates an example toilet for use with a
disinfection system.
FIG. 2A illustrates an example valve system for the
disinfection system.
FIG. 2B illustrates an example valve system for the
disinfection system.
FIG. 3 illustrates an example valve system for the
disinfection system.
FIG. 4 illustrates an example valve system for the
disinfection system.
FIG. 5 illustrates an example light disinfection de-

vice.
FIG. 6 illustrates an example fogging disinfection
device.
FIG. 7 illustrates an example fogging disinfection
device with increased air flow.
FIG. 8 illustrates an example ultrasonic disinfection
device.
FIG. 9 illustrates an example flow chart for disinfec-
tion of a substantially empty tank.
FIG. 10 illustrates an example chemical distribution
device.
FIG. 11 illustrates an example electrolyzed water
distribution device.
FIG. 12 illustrates an example ozone distribution
device.
FIG. 13 illustrates an example bacteria distribution
device.
FIG. 14 illustrates an example light and catalyst
device.
FIG. 15 illustrates an example controller for any of
the disinfection systems.

DETAILED DESCRIPTION

[0006] The following embodiments include apparatus
and techniques for disinfection of the interior of a toilet
tank and/or channels extending away from the toilet tank.
At least one channel may extend to the rim of the toilet
bowl. At least one channel may extend to the sump of the
toilet bowl. Some of the following examples include tech-
niques that are specifically applicable to an empty toilet
tank. In some examples, devices and processes are
included for the purposeof substantially completely emp-
tying the tank so that water is removed. Some of the
following examples include techniques that are applic-
able to a toilet tank at least partially full of water or full to a
predetermined flush volume.
[0007] The following embodiments include devices
and techniques for the reduction, mitigation, or preven-
tion of biofilms in plumbing devices and/or disinfection of
plumbing devices. The plumbing devices may include
pipes, faucets, bathtubs, showers,water softeners,water
heaters, toilets or other devices. The term "plumbing
fixture" refers to an apparatus that is connected to a
plumbing system of a house, building or another struc-
ture. The term "bathroom fixture" may more specifically
refer to individual types of plumbing fixtures found in the
bathroom. The term "kitchen fixture" may more specifi-
cally refer to individual types of plumbing fixtures found in
the kitchen.
[0008] FIG. 1 illustrates an example toilet (plumbing
device) for use with a disinfection system. Referring to
FIG. 1, a toilet 1100 with the disinfection system is illu-
strated according to an exemplary embodiment of the
present disclosure. The toilet 1100 may include a tank
(e.g., container, reservoir, etc.), shownasa tank 101, and
a pedestal (e.g., base, stand, support, etc.), shown as a
pedestal 1104. The tank 101 may be coupled to, and
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supported by, the pedestal 1104, which may be posi-
tioned on a floor. In some embodiments, the tank 101
and thepedestal 1104maybe formed togetherasasingle
component. In some other examples, the tank 101 may
be mounted nearby on a wall, or within a wall. The tank
101 is configured to receive water (e.g., via a fill valve of
the toilet 1100, etc.) and store the water in between
flushes. The pedestal 1104 includes a bowl 1105 and
may be configured to receive thewater from the tank 101
to flush contents of bowl into a sewage line. In some
embodiments, the pedestal 1104may bemounted on the
wall of a lavatory and the bowl may be configured to
receivewater froma fluid supply source suchas a house-
hold water supply.
[0009] The bowl 1105 of the pedestal 1104 includes a
sump (e.g. a receptacle) and an outlet opening, wherein
water and waste is collected in the sump until being
removed through the outlet opening, such as when the
contents of the bowl are flushed into a sewage line, septic
system, or other sanitary system. The toilet 1100 further
includes a trapway, and the trapway may be fluidly con-
nected to the bowl via the sump. The trapway fluidly
connects the sump to the outlet opening.
[0010] FIGS. 2A, 2B, 3, and 4 illustrate example sys-
tems for removing or emptying substantially all of the
water from the toilet tank 101. While water is typically
emptied from the toilet tank 101 in the process of flushing
(e.g., during the flush cycle), not all of the water is
removed. The remaining water may allow biofilms or
other waterborne microorganisms to survive continu-
ously in the tank. If all, or substantially all, of the water
is emptied from the tank 101, the waterborne bacteria or
biofilm is removed with it. In addition, removing the water
completely from the tank101allowsadisinfectionsystem
to treat the entirety of the interior of the tank 101.
[0011] A biofilm is a group of one or more types of
microorganisms that can grow on a variety surfaces.
Example microorganisms that form biofilms include bac-
teria, fungi and protists. Biofilms may form on bodies of
water, plant tissue, animal tissue, teeth, underwater, and
inside of other living organisms. Potentially, biofilmsmay
form, generally, on any water exposed areas. Plumbing
fixtures, fittings and water supply systems and installa-
tions forwashing, showering, bathing and similar devices
may include water exposed areas.
[0012] FIG. 2A illustrates a tank 101, a lid 127, a fill
valve 123, a flush valve 121, and a float 125. The fluid
delivery system of the toilet may include any one or
combination of the tank 101 for housing a volume of
water, the fill valve 123 for transferringwater fromawater
supply to the tank 101, a flush valve 121 for transferring
water from the tank 101 to the bowl, and a passageway
that transfers (e.g., carries) water and waste from the
bowl to another element (e.g., soil pipe, holding tank,
etc.). Additional, different, or fewer components may be
included.
[0013] The flush valve 121 is configured to open and
close a channel from the tank 101 to the bowl of the toilet

(e.g., rim passage). The fill valve 123may include a valve
body having a water inlet, which is configured to receive
water from a water supply, and a float (e.g., a float cup)
that is configured to control operation of the fill valve 123
based on a water level in the tank 101. The fill valve 123
may also provide water to the flush valve 121 for intro-
duction into the channel from the tank 101 to the bowl.
Water may be provided from the fill valve 123 to the flush
valve 121 via a tube (not shown in FIG. 2A).
[0014] In someconventional toilets, the flush valve 121
is above the bottom surface of the tank 101. Water
collects in the vertical space between the flush valve
121 and the bottom surface of the tank 101. Biofilms
and other microorganisms may grow or otherwise exist
in the collected water. The flush valve 121 illustrated in
FIG. 2A extends to be flushwith the bottom surface of the
tank 101. The flush valve 121 may also extend to below
the bottom surface of the tank 101. This eliminates the
collection of water between the flush valve 121 and the
bottom surface of the tank 101.
[0015] The embodiment of FIG. 2B also eliminates the
collection of water between the flush valve 121 and the
bottom surface of the tank 101 by placing the opening of
the flush valve 121 flush with the bottom surface of the
tank 101 or below the bottom surface of the tank 101. In
addition, the bottom surface of the tank 101 in FIG. 2B
includes slanted portions 131 of the bottom of the tank
101. The slanted portions 131 are angled at predeter-
mined angle (α) with respect to a horizontal (dotted line in
FIG. 2B). The horizontal line is substantially parallel with
the earth’s surface and/or perpendicular to the direction
of gravity. The slanted portions 131 allow the water in the
bottom of the tank 101 to flow toward the opening of the
flush valve 121 so that the tank 101 is completely emp-
tied.Theempty tankdiscourages thegrowthofbiofilmsor
other microorganisms and also provides opportunity for
the disinfection of the interior surfaces within the tank
101.
[0016] FIG.3 illustratesacavity132at thebottomof the
tank 101. The cavity 132may include a float F that detect
whether there is any water left in the tank 101. The float
may be positioned a predetermined vertical distance
(e.g., 1‑10millimeters) above thevalveplateVoropening
in the tank 101. The float Fmay be replaced with another
type of sensor (e.g., water sensor). The float F may be
mechanically coupled to the valve plate V of the flush
valve 121 so that when the float F is suspended by any
quantity of water in the tank 101, the valve plate V is held
open so that water can flow from the tank 101. When the
float F rests on the bottom surface of the cavity 132, the
vale plate V may be allowed to close.
[0017] FIG. 4 illustrates another example in which the
flush valve 121 is electronically controlled. The float F or
other sensor provides sensor data to the controller 100
indicative of a water level in the tank 101. The controller
100 provides commands to the flush plate V or an ac-
tuator coupled to the flush plate V. The actuator may
include a motor or a solenoid. The controller 100 deter-
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mined whether the water is below a predetermined
threshold (e.g., the threshold may be the smallest mea-
surable water level). The controller 100maymaintain the
flush plate V of the flush valve 121 in an open state until
the predetermined threshold has been reached. When
the predetermined threshold has been reached the con-
troller 100 may close the flush plate V.
[0018] In another example, the flush plate V may be
replaced with a pump. The controller 100 instructs the
pump to pumpwater from the tank 101 when the until the
predetermined threshold has been reached. When the
predetermined thresholdhasbeen reached thecontroller
100 may turn off the pump.
[0019] The controller 100 may also communicate with
a disinfection system 102. The disinfection system 102
may be implemented according to any of the following
embodiments. The controller 100 may send instructions
or commands to the disinfection system 102. For exam-
ple, when the controller 100 has determined the water
has been emptied completely from the tank 101, the
controller 100 may instruct the disinfection system 102
to disinfect the interior of the tank 101. The disinfection
dispenser 102 is configured to dispense a disinfection
material into the toilet tank 101 and the at least one
disinfection channel extending from the drain opening
of the toilet tank to the pedestal for the toilet.
[0020] While described and illustrated in toilet tanks,
the disinfection system 102may be implemented in toilet
bowls, trapways for toilets, trapways for lavatories, whirl-
pool harnesses, garbage disposals, sinks, fruits/vegeta-
ble washers, scents dispensers, humidifiers, or other
devices.
[0021] Eachof theexampleshereinmaybemounted in
or otherwise coupled to or associated with a toilet tank
101 having a glazed interior surface. Glazing the interior
of the tank reduces the surface roughness for the adhe-
sion of biofilms or other microorganisms. The interior of
the tank101maybecoatedwithanantimicrobial or highly
hydrophobic coatings. In addition or in the alternative,
antimicrobials (silver) may be imbedded in the glaze or
directly in the raw ceramic.
[0022] FIG. 5 illustrates an example light disinfection
device 141 (an example disinfection system 102), a toilet
tank101, adrain opening135at abottomof the toilet tank
101, at least one disinfection channel extending from the
drain opening of the toilet tank to a pedestal for the toilet,
and a flush valve 121 configured to empty the toilet tank
through the drain opening to below a predetermined
level. Additional, different, or fewer components may
be included.
[0023] The light disinfectiondevice141 includesoneor
more light sources that emit a predeterminedwavelength
or frequency of light into the interior of the tank 101. The
one or more light sources may be arranged to that sub-
stantially all of the interior walls of the toilet tank 101 are
irradiated. For example, the one or more light sources
may be arranged so that the cannister of the flush valve
121does not cast a shadowbetween the light source and

the interiorwall. Toavoid suchshadows, oneormore light
sourcesmay be positioned on opposite sides of the flush
valve 121, as shown in FIG. 5. In addition or in the
alternative, one or more light sources may be mounted
on the inside of the lid of the toilet tank 101 and direct light
downward into the toilet tank 101.
[0024] The one or more light sources may emit a
variety of types of irradiation such as an ultraviolet
(UV) light. The UV light may have a predetermined fre-
quency or wavelength, which may be a range of wave-
lengths or frequencies for the light. The predetermined
frequency or wavelength may be configured to reduce or
eliminate biofilm or other microorganisms. The controller
100 may send commands to the light to start the light or
stop the light. The controller 100may send commands to
the light to set the wavelength of the light. The light may
include ultra-violet germicidal irradiation (UVGI) to kill
microbes in the water or on surfaces. The germicidal
irradiation may be optimized by a wavelength band of
200 to 280 nanometers (nm), or a band centered around
405 nm. The lights may be light emitting diodes (LEDs).
[0025] The lid may include a sensor or other switch to
cause the one or more light sources to turn on or off. For
example, an electrical contact on the tank 101 and the lid
mayeffectively formaswitch.When the lid is removed the
connection between the contacts is interrupted, causing
the one or more light sources to turn off. A similar feed-
back system may be implemented with other types of
sensors.
[0026] FIG. 6 illustrates an example fogging disinfec-
tion device 143 configured to generate an emit a cloud
144 into the interior of the toilet 101. The cloud 144 may
be generated when the tank 101 is empty. As described
above, the controller 100 may receive sensor data in-
dicative of an empty tank and activate the fogging device
143 in response to the sensor data. The cloud 144 may
include peroxide H2O2 (vapor). Additional, different, or
fewer components may be included.
[0027] The cloud 144 may include a disinfectant. The
cloud 144 may fill the space inside of the tank 101,
reaching each of the interior surfaces of the tank 101.
The cloud 144 may move naturally or forcibly to fill the
spaces in one or more channels in communication with
the tank 101. The channels may include at least one
channel extending to the rim of the toilet bowl and/or at
least onechannel extending to thesumpof the toilet bowl.
[0028] In some examples, the cloud 144 may be
emitted above the water level in a full or partially full tank.
When the flush cycle begins, and water is pulled by
gravity into the channel to the toilet bowl, negative air
pressure created by thewater pulls the cloud 144 into the
channels to the toilet bowl. In this way, the cloud 144
comes in contact with both the interior walls of the tank
101and the interiorwalls of the channels extending to the
bowl.
[0029] FIG. 7 illustrates an example fogging disinfec-
tiondevicewith increasedair flow.For example, a fan145
may be mounted inside the tank 101. The fan 145 is
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configured to increase the mass flow of the aerosols
generated by the fogging device 143 to the interior of
the tank 101, through the channels to the bowl, and into
the bowl.
[0030] The fan145maybecontrolledbycontroller 100.
Thecontroller 100maysend instructionsor commands to
the fan 145 to operate during the flush cycle. For exam-
ple, when the controller 100 has instructed the flush valve
121 toopen, the controller 100mayoperate the fan145 to
help the cloud144expand. In another example,when the
sensor data indicates that water has been emptied com-
pletely from the tank 101, the controller 100 may instruct
the fan 145 to operate. In some examples, the controller
100 may activate the fan 145 at a predetermined delay
after activation of the fogging device 143 (or other disin-
fection system).
[0031] FIG. 8 illustrates an example ultrasonic disin-
fection device 147 mounted in the toilet tank 101. The
ultrasonic disinfection device 147 may include a trans-
ducer configured to emit ultrasonic waves into the tank
101. The ultrasonicwaves aremechanical vibrations that
strike the interior surfaces of the tank 101 and vibrate or
otherwise shake loose particles such as biofilm andother
microorganisms.
[0032] When some water is present in the tank 101 or
on the surfacesof the tank101, the ultrasonicwaves from
theultrasonic disinfectiondevice 147maycausebubbles
within the water to implode and collapse (e.g., cavitation)
on thesurfacesof the tank101.The implosionmaycreate
ascrubbingaction that dislodgesparticles suchasbiofilm
and other microorganisms from the surfaces of the tank
101.
[0033] The ultrasonic disinfection device 147 may be
operated underwater or in a substantially empty tank.
[0034] The controller 100 may send instructions or
commands to the ultrasonic disinfection device 147 to
operate during the flush cycle. For example, when the
controller 100 has instructed the flush valve 121 to open,
the controller 100may operate the ultrasonic disinfection
device 147. In another example, when the sensor data
indicates that water has been emptied completely from
the tank 101, the controller 100 may instruct the ultra-
sonic disinfection device 147 to operate. The controller
100may instruct the ultrasonic disinfection device 147 to
operate regardless of whether the tank substantially in-
cludes water or is substantially empty.
[0035] FIG. 9 illustrates an example flow chart for dis-
infection of a substantially empty tank. Additional, differ-
ent, or fewer acts may be included.
[0036] At act S101, the controller 100 receives an
indication of an empty toilet tank. The indication of the
empty toilet tankmay include sensor data, timing data, or
a flush cycle trigger. The sensor data may be received
from a water sensor or a float in the tank. The timing data
may be received from a timer (e.g., integrated with the
controller) that indicates a predetermined timing from an
event such as the start of the flush cycle. The flush cycle
trigger may be a user input (e.g., lever actuation, button

push, or remote control signal) or a command to open the
flush valve 121.
[0037] At act S103, the controller generates a disin-
fection command for a disinfection system 102 in the
empty toilet tank. The disinfection command may start
the operation of any of the devices described herein
including a fogger, a chemical dispenser, an ozone gen-
erator, an electrolyzer, or an ultrasonic emitter.
[0038] At act S105, a material is provided from the
disinfection system102 toan interior surfaceof theempty
toilet tank 101 or a disinfection channel fluidly coupled to
the empty toilet tank. The disinfection channel may ex-
tend from the tank to one or more rim holes in the toilet
bowl. The disinfection channel may extend from the tank
to one or more sump jets in the toilet bowl.
[0039] FIG. 10 illustrates an example chemical distri-
bution device 151. One or more compounds may be
mixed with the chemical distribution device 151 with
water from the fill valve 123 then dispensed directly into
the tank and/or into the flush valve 121 through one or
more channels connected to the bowl.
[0040] The chemical distribution device 151 may dis-
pense hydrogen peroxide (H2O2), chlorines and perace-
dic acid (PAA), polyphosphates (e.g., sodium hexame-
taphosphate (SHMP), tetrapotassium pyrophosphate
(TKPP), etc.), low pH acids (e.g., hydrogen chloride
(HCL), dihydrogen phosphate (H2PO4), trisodium phos-
phate (TSP), ethylenediaminctetraacidic acid (EDTA),
and compounds thereof, citric acid, acetic acid, as well
as other acids and/or sequestering agents. Yet other
examples of chemicals/compounds that may be used
with the systems of this application include (but are not
limited to) didecyldimethyl ammonium chloride (DDAC),
sodium hypochlorite (NaOCI) such as bleach, PAA, tri-
closan, formic acid, TSP, and compounds thereof, aswell
asother disinfectants (e.g., quaternarydisinfectants) and
biocides. These chemicals/compounds may be most
beneficial in, for example, preventing and/or removing
biofilm. It is noted that other chemicals/compounds may
be used in the systems and methods disclosed in this
application, and any such chemical/compound disclosed
may be used with any system and/or method disclosed.
[0041] FIG. 11 illustrates an example electrolyzed
water distribution device 153. The electrolyzed water
distribution device 153 is configured to electrolyze the
tank water to generate hypochlorous acid using an elec-
tric charge and the residual salt in the water. The electro-
lysis process may produce HOCI, O3, and/or H2O2. In
some examples, additional salt (i.e., salt not residual in
the water) may be added to the tank water. Other by-
products such as hydrogen gas may be vented from the
tank 101.
[0042] The electrolyzed water distribution device 153
may comprise two plates (e.g., a cathode plate and an
anode plate). Each plate may be formed of metal or a
conductive material. Each plate may be electrically con-
nected to a power source directly or through controller
100. The anodemaybedisposable. That is, the usermay
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remove and reinstall the anode at a time interval or as
needed. Vinegar or peracedic acid may be added to the
water as a reactant.
[0043] The controller 100 may send commands to the
electrolyzed water distribution device 153. The controller
100 may provide current (e.g., increase current) to the
electrolyzed water distribution device 153 in order to
increase the concentration of hypochlorous acid in the
water. The controller 100 may decrease current to the
electrolyzed water distribution device 153 in order to
decrease the concentration of hypochlorous acid in the
water.
[0044] A feedback sensor may detect the pH level in
the water (e.g., acidic property or basic property). For
example, a predetermined pH (e.g., 5.5 or 6.0) may
indicate strong cleaning ability of the solution. A neutral
pH (e.g., 7.0) may indicate an equal concentration of
hypochlorous acid and hypochlorite ion. The controller
100 may compare the pH to a threshold level. When the
detected pH is greater than the threshold the current is
increased to increase the amount of hypochlorous acid.
When the detected pH is less than the threshold the
current is decreased to decrease the amount of hypo-
chlorous acid.
[0045] When the flush valve 121 is opened the electro-
lyzed water is dispensed into the channels and the toilet
bowl.
[0046] FIG. 12 illustrates an example ozone distribu-
tion device 155. The ozone may be formed by an ozone
generator using a variety of techniques, including corona
discharge, ultraviolet light, cold plasma, and other tech-
niques. For example, a corona charger may be config-
ured to accumulate electric charge from the power
source and apply the electric charge to air from the air
source. In corona discharge, a corona discharge tube or
an ozone plate is used. In another technique, an electro-
lytic ozone produces ozone by splitting water molecules.
Such an ozone generator 110 includes a water electro-
lysis device that splits water molecules into H2, O2, and
O3. The hydrogen gas, H2, may be removed to leave
oxygen and ozone as the only products of the reaction.
Electrolytic ozone generation may produce at higher
concentrations (20‑30%) than the corona discharge
technique. The electrolytic techniques may also avoid
nitrogen gases.
[0047] The controller 100 may send commands to the
ozone generator. For example, the commands may in-
itiate the generation of ozone. The commands may be
triggered by a time schedule (e.g., once every predeter-
mined time period or at certain times of day). The com-
mands may be triggered by a flush cycle. That is, the
controller 100 may send a command to the ozone gen-
erator 110 to generate ozone when the tank is filled.
[0048] The controller 100 may send a command to the
ozone generator to generate ozone in response to a user
input. For example, a flush cycle may be initiated by
operation of an actuator. The actuator may be a button
configured to initiate the flush cycle when depressed (or

pulled) a predetermined distance or when touched, a
lever configured to activate when rotated a predeter-
mined angular travel, or any suitable device configured
to activate based on an input manipulation by a user. In
someembodiments, theactuatormaybeasensor (e.g., a
proximity sensor) and the flush cycle may be automati-
cally initiated (e.g., by a controller) based on sensor data
received from the sensor.
[0049] In another example, the ozone generator of
FIG. 12 may convert the oxygen in the water into ozone.
The ozone distribution device 155 may be submerged in
water and include a pump driven by the controller 100.
The pump propels water through the ozone distribution
device 155. The ozone distribution device 155 may in-
clude an ozone generation cell configured to convert the
O2 in the water into ozone O3. In the interim, hydroxyl
radicals may be formed which react to form ozone. The
ozone will be present in the water for a time period (e.g.,
20 to 30 minutes) reducing pollutants in the water. The
ozone generation cell may be implemented with electro-
des separated by a membrane. The ozone generation
cellmaybeonacircuit boardormicrochip.Thewatermay
flow through openings in the circuit board or microchip.
[0050] In another example, the ozone distribution de-
vice155 included theozonedistribution cell implemented
on a circuit board or microchip may be incorporated in
another flow of water in the toilet. For example, the fill
valve 123 may include the ozone distribution cell.
[0051] Aswater is provided from thewater supply in the
fill valve 123, ozone is created by the ozone distribution
cell. In other example, the ozone distribution device 155
may be included in other channels or passages such as a
rim passage or the flush valve 121.
[0052] In some examples, the ozone generator 155
and theozonedistributioncellmaynot beoperatedby the
controller 100 and the pump. Instead, the flow of water is
provided by the water supply and the operation of the
ozone generator 155 is initiated in response to the flow of
water.
[0053] FIG. 13 illustrates an example bacteria distribu-
tion device 157. The bacteria distribution device 157may
be loaded by a user with live beneficial bacteria. The
bacteria may be dispensed into the tank water from the
bacteria distribution device 157. This beneficial bacteria
create a positive environment where it eats or otherwise
destroys harmful bacteria. Then beneficial bacteria com-
pete with the harmful bacteria for food and resources,
consequently preventing the growth of harmful bacteria.
A residual amount of bacteria would remain in the tank
101 after every flush.
[0054] FIG. 14 illustrates an example light 161 and
catalyst 163 device. The catalyst 163 may include an
object having a passage through which water can travel.
The catalyst 163 may have a tubular shape as shown in
FIG. 14. Other shapes may include a plate or a disc. The
catalyst 163 may have a coating or be otherwise treating
with a substance (e.g., catalyst material) that is activated
by the light 161. The activated catalyst material with the
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water generated hydroxyl radicals which disinfect the
water.
[0055] The catalyst material may include titanium
oxide (TiO2). The light 161 may emit ultraviolet light
having a predetermined wavelength. For example, the
light 161 may be a UV-C lamp that produces light with a
254 nanometer wavelength. The UV-C lamp may pro-
duce light in a range such as 240‑315 nanometer wave-
length. As described herein, other wavelengths of ultra-
violet light (e.g., 185 nanometer wavelength) may be
harnessed to disinfect the tank 101.
[0056] The light 161may also be coatedwith a catalyst
material. The light 161 may include one or more LEDs.
The LEDs may be powered by a DC power source, a
battery, or a power generator. The power generator may
beoperatedbasedon thewater supplyat thefill valve123
to turn a turbine that rotates a generator to generate
electricity.
[0057] Example ultraviolet photo catalysts included
titanium dioxide (TiO2), zinc oxide (ZnO), tin oxide
(SnO2), tungsten oxide (WO3), cadmium sulfide (CdS),
ZnS, CdSe, WS2, MoS2, and others. The catalyst may
include at least one phosphate bead.
[0058] In addition, heat from the light 161 may cause
natural convection in the water of the tank. Water that is
heated near the light 161 is caused to travel upward.
Other cooler water takes its place near the light 161. This
process repeats to circulate water within the tank 101.
[0059] Another circulation device may include a pow-
ered device that circulates water within the tank 101. The
powered device may be a motor. Examples for the cir-
culation device may include an impellor, an agitator, or a
pump.
[0060] The light 161 and catalyst 163 device may be
used inany typeofwater container.Exampledeviceswith
applicablewater containers includewhirlpool harnesses,
garbage disposals, self-cleaning water filters, waste
water heat recovery systems, holding/settling/storage
tanks for greywater or rainwater systems, commercial
hand sanitizer, shower systems, recirculating showers,
aerosol disinfection systems (e.g., in a lamp.
[0061] FIG. 15 illustrates an example controller for any
of the disinfection systems. The controller 400 may in-
clude a processor 300, a memory 352, and a commu-
nication interface353 for interfacingwith devicesor to the
internet and/or other networks 346. In addition to the
communication interface 353, a sensor interface may
be configured to receive data from the sensors described
herein or data fromany source for detecting thepresence
of water, detecting the presence of or strength of disin-
fectant, detecting the actuation of a flush cycle, detecting
the presence of a user or gesture, of the devices de-
scribed herein. The components of the control system
400 may communicate using bus 348. The control sys-
tem 400 may be connected to a workstation or another
external device (e.g., control panel) and/or adatabase for
receiving user inputs, system characteristics, and any of
the values described herein.

[0062] Optionally, the control system 400 may include
an input device 355 and/or a sensing circuit in commu-
nication with any of the sensors. The sensing circuit
receives sensor measurements from as described
above. The input device 355 may include a switch
(e.g., actuator), a touchscreen coupled to or integrated
with, a keyboard, a remote, a microphone for voice
inputs, a camera for gesture inputs, and/or another me-
chanism.
[0063] Optionally, the control system 400 may include
a drive unit 340 for receiving and reading non-transitory
computer media 341 having instructions 342. Additional,
different, or fewer components may be included. The
processor 300 is configured to perform instructions
342 stored in memory 352 for executing the algorithms
described herein. Adisplay 350maybe supported byany
of the components described herein. The display 350
may be combined with the user input device 355.
[0064] Processor 300 may be a general purpose or
specific purpose processor, an application specific inte-
grated circuit (ASIC), one or more programmable logic
controllers (PLCs), one ormore field programmable gate
arrays (FPGAs), a group of processing components, or
other suitable processing components. Processor 300 is
configured to execute computer code or instructions
stored in memory 352 or received from other computer
readable media (e.g., embedded flash memory, local
hard disk storage, local ROM, network storage, a remote
server, etc.). Theprocessor300maybeasingledeviceor
combinations of devices, such as associated with a net-
work, distributed processing, or cloud computing.
[0065] Memory 352 may include one or more devices
(e.g., memory units, memory devices, storage devices,
etc.) for storingdataand/or computer code for completing
and/or facilitating the various processes described in the
present disclosure. Memory 352 may include random
access memory (RAM), read-only memory (ROM), hard
drive storage, temporary storage, non-volatile memory,
flash memory, optical memory, or any other suitable
memory for storing software objects and/or computer
instructions. Memory 352 may include database compo-
nents, object code components, script components, or
any other type of information structure for supporting the
various activities and information structures described in
the present disclosure. Memory 352 may be communic-
ably connected to processor 300 via a processing circuit
and may include computer code for executing (e.g., by
processor 300) one ormore processes described herein.
For example, memory 298 may include graphics, web
pages, HTML files, XML files, script code, shower con-
figuration files, or other resources for use in generating
graphical user interfaces for display and/or for use in
interpreting user interface inputs to make command,
control, or communication decisions.
[0066] In addition to ingress ports andegressports, the
communication interface 353 may include any operable
connection. Anoperable connectionmay be one inwhich
signals, physical communications, and/or logical com-
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munications may be sent and/or received. An operable
connectionmay include a physical interface, an electrical
interface, and/or a data interface. The communication
interface 353 may be connected to a network. The net-
work may include wired networks (e.g., Ethernet), wire-
less networks, or combinations thereof. The wireless
network may be a cellular telephone network, an
802.11, 802.16, 802.20, or WiMax network, a Bluetooth
pairing of devices, or a Bluetoothmesh network. Further,
the network may be a public network, such as the Inter-
net, a private network, such as an intranet, or combina-
tions thereof, and may utilize a variety of networking
protocols now available or later developed including,
but not limited to TCP/IP based networking protocols.
[0067] While the computer-readable medium (e.g.,
memory 352) is shown to be a single medium, the term
"computer-readable medium" includes a single medium
or multiple media, such as a centralized or distributed
database, and/or associated caches and servers that
store one or more sets of instructions. The term "com-
puter-readable medium" shall also include any medium
that is capable of storing, encoding, or carrying a set of
instructions for execution by a processor or that cause a
computer system to perform any one or more of the
methods or operations disclosed herein.
[0068] In a particular non-limiting, exemplary embodi-
ment, the computer-readable medium can include a so-
lid-state memory such as a memory card or other pack-
age that houses one or more non-volatile read-only
memories. Further, the computer-readable medium
can be a random access memory or other volatile re-
writable memory. Additionally, the computer-readable
medium can include a magneto-optical or optical med-
ium, such as a disk or tapes or other storage device to
capture carrier wave signals such as a signal commu-
nicated over a transmission medium. A digital file attach-
ment to an e-mail or other self-contained information
archive or set of archives may be considered a distribu-
tion medium that is a tangible storage medium. Accord-
ingly, the disclosure is considered to include any one or
more of a computer-readable medium or a distribution
medium and other equivalents and successor media, in
which data or instructions may be stored. The computer-
readable medium may be non-transitory, which includes
all tangible computer-readable media.
[0069] In an alternative embodiment, dedicated hard-
ware implementations, such as application specific inte-
grated circuits, programmable logic arrays and other
hardware devices, can be constructed to implement
one or more of the methods described herein. Applica-
tions that may include the apparatus and systems of
various embodiments can broadly include a variety of
electronic and computer systems. One or more embodi-
ments described herein may implement functions using
two or more specific interconnected hardware modules
or devices with related control and data signals that can
be communicated between and through the modules, or
as portions of an application-specific integrated circuit.

Accordingly, the present systemencompasses software,
firmware, and hardware implementations.
[0070] The illustrations of the embodiments described
hereinare intended toprovideageneral understandingof
the structure of the various embodiments. The illustra-
tions are not intended to serve as a complete description
of all of the elements and features of apparatus and
systems that utilize the structures or methods described
herein. Many other embodiments may be apparent to
those of skill in the art upon reviewing the disclosure.
Other embodimentsmay be utilized and derived from the
disclosure, such that structural and logical substitutions
and changes may be made without departing from the
scope of the disclosure. Additionally, the illustrations are
merely representational and may not be drawn to scale.
Certain proportions within the illustrations may be exag-
gerated, while other proportions may be minimized. Ac-
cordingly, the disclosure and the figures are to be re-
garded as illustrative rather than restrictive.
[0071] While this specification contains many speci-
fics, these should not be construed as limitations on the
scope of the invention or of what may be claimed, but
rather as descriptions of features specific to particular
embodiments of the invention. Certain features that are
described in this specification in the context of separate
embodiments can also be implemented in combination in
a single embodiment. Conversely, various features that
are described in the context of a single embodiment can
alsobe implemented inmultiple embodiments separately
or in any suitable sub-combination. Moreover, although
features may be described above as acting in certain
combinations and even initially claimed as such, one or
more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or
variation of a sub-combination.
[0072] One or more embodiments of the disclosure
may be referred to herein, individually and/or collectively,
by the term "invention" merely for convenience and with-
out intending to voluntarily limit the scope of this applica-
tion to any particular invention or inventive concept.
Moreover, although specific embodiments have been
illustrated and described herein, it should be appreciated
that any subsequent arrangement designed to achieve
the same or similar purpose may be substituted for the
specific embodiments shown. This disclosure is intended
to cover any and all subsequent adaptations or variations
of various embodiments. Combinations of the above
embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the
art upon reviewing the description.
[0073] It is intended that the foregoingdetaileddescrip-
tion be regarded as illustrative rather than limiting and
that it is understood that the following claims including all
equivalents are intended to define the scope of the in-
vention. The claims should not be read as limited to the
described order or elements unless stated to that effect.
Therefore, all embodiments that come within the scope

5

10

15

20

25

30

35

40

45

50

55



9

15 EP 4 524 335 A1 16

and spirit of the following claims and equivalents thereto
are claimed as the invention.

Claims

1. A disinfection system for a toilet, the disinfection
system comprising:

a toilet tank;
a drain opening at a bottom of the toilet tank;
at least one disinfection channel extending from
the drain opening of the toilet tank to a pedestal
for the toilet; and
a valve system in the toilet tank, the valve sys-
tem configured to empty the toilet tank through
the drain opening to below a predetermined
level.

2. The disinfection systemof claim 1, wherein the valve
system includes a flush valve, and the predeter-
mined level is below the flush valve.

3. The disinfection system of claim 2, the valve system
further comprising:
a float, wherein the float is configured tomaintain the
float in an open state until water in the tank is below
the predetermined level.

4. The disinfection system of claim 3, wherein the float
is coupled to the flush valve and/or wherein the float
is electronically connected to a controller that con-
trols the flush valve.

5. The disinfection system of any one of the preceding
claims, wherein the valve system includes a drain
valve and/or wherein the predetermined level is less
than 5millimeters from the drain opening of the toilet
tank.

6. The disinfection system of claim 1, further compris-
ing:
a disinfection dispenser in the toilet tank, the disin-
fection dispenser configured to dispense a disinfec-
tion material into the toilet tank and the at least one
disinfection channel extending from the drain open-
ing of the toilet tank to the pedestal for the toilet,
optionally wherein the disinfection material is a va-
por.

7. The disinfection system of claim 6, further compris-
ing:
a fan configured to increase a mass flow of the
disinfection material through the toilet tank.

8. The disinfection system of any one of the preceding
claims, wherein the toilet tank includes a bottom
surface including at least one slanted surface adja-

cent to thedrainopeningand/orwhereinan interior of
the toilet tank is glazed.

9. The disinfection system of claim 1, further compris-
ing:
a lamp coupled to an inside of the tank and config-
ured to irradiate the tank.

10. A disinfection system for a toilet, the disinfection
system comprising:

a toilet tank;
a drain opening at a bottom of the toilet tank;
at least one disinfection channel extending from
the drain opening of the toilet tank to a pedestal
for the toilet; and
a disinfection material generator coupled to the
toilet tank.

11. The disinfection system of claim 10, wherein the
disinfection material generator includes an electro-
lyzed water generator.

12. The disinfection system of claim 10 or claim 11,
further comprising:

a sensor; and
a controller configured to activate the disinfec-
tion material generator in response to data re-
ceived from the sensor.

13. Thedisinfection systemof claim10, claim11or claim
12, wherein the disinfection material generator in-
cludes a bacteria dispenser.

14. Thedisinfection systemof anyoneof claims10 to13,
wherein the disinfectionmaterial generator includes:

a catalyst; and
an ultraviolet lamp configured to activate the
catalyst and cause circulation of water through
convection.

15. A method for disinfection of a toilet, the method
comprising:

receiving an indication of an empty toilet tank;
generating a disinfection command for a disin-
fection system in the empty toilet tank; and
providingamaterial from thedisinfection system
to an interior surface of the empty toilet tank or a
disinfection channel fluidly coupled to the empty
toilet tank;

optionally wherein the indication of the empty toilet
tank includes sensor data, timing data, or a flush
cycle trigger.
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