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57 ABSTRACT

An oxygen emitter which is an electrolytic cell is disclosed.
When the anode and cathode are separated by a critical dis-
tance, very small microbubbles and nanobubbles of oxygen
are generated. The very small oxygen bubbles remain in
suspension, forming a solution supersaturated in oxygen. A
flow-through model for oxygenating flowing water is dis-
closed. The use of supersaturated water for enhancing the
growth of plants is disclosed. Methods for applying super-
saturated water to plants manually, by drip irrigation or in
hydroponic culture are described. The treatment of waste
water by raising the dissolved oxygen with the use of an
oxygen emitter is disclosed.
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FLOW-THROUGH OXYGENATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

2

to 100 microns in diameter, by forcing air into the fluid at high
pressure through a small orifice.

‘When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or pure
oxygen may be used. The production of oxygen and hydrogen
by the electrolysis of water is well known. A current is applied
across an anode and a cathode which are immersed in an
aqueous medium. The current may be a direct current from a
battery or an AC/DC converter from a line. Hydrogen gas is
produced at the cathode and oxygen gas is produced at the

10 N
RELATED APPLICATIONS anode. The reactions are:
This application is a division of application Ser. No. AT THE CATHODE: 41,0 +4e” — 40H~ + 2H,
10/732,326 filed Dec. 10, 2003 now U.S. Pat. No. 7,396,441, AT THE ANODE: 2H,0 = O, +4H" + 4™
15 NET REACTION: 6H,0 — 40H + 4H* ++ 2H, + O,

which in turn is a continuation-in-part of application Ser. No.
10/372,017, filed Feb. 21, 2003, now U.S. Pat. No. 6,689,262,
which claims the benefit of U.S. Provisional Application No.
60/358,534, filed Feb. 22, 2002, each of which is hereby fully
incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content of
flowing water. This invention also relates to the use of super-
oxygenated water to enhance the growth and yield of plants.
The flow-through model is useful for oxygenating water for
hydroponic plant culture, drip irrigation and waste water
treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxygen
content of aqueous media. Efforts have been made to achieve
higher saturated or supersaturated oxygen levels for applica-
tions such as the improvement of water quality in ponds,
lakes, marshes and reservoirs, the detoxification of contami-
nated water, culture of fish, shrimp and other aquatic animals,
biological culture and hydroponic culture. For example, fish
held in a limited environment such as an aquarium, a bait
bucket or a live hold tank may quickly use up the dissolved
oxygen in the course of normal respiration and are then sub-
jectto hypoxic stress, which can lead to death. A similar effect
is seen in cell cultures, where the respiring cells would benefit
from higher oxygen content of the medium. Organic pollut-
ants from agricultural, municipal and industrial facilities
spread through the ground and surface water and adversely
affect life forms. Many pollutants are toxic, carcinogenic or
mutagenic. Decomposition of these pollutants is facilitated
by oxygen, both by direct chemical detoxifying reactions or
by stimulating the growth of detoxifying microflora. Con-
taminated water is described as having an increased biologi-
cal oxygen demand (BOD) and water treatment is aimed at
decreasing the BOD so as to make more oxygen available for
fish and other life forms.

The most common method of increasing the oxygen con-
tent of a medium is by sparging with air or oxygen. While this
is a simple method, the resulting large bubbles produced
simply break the surface and are discharged into the atmo-
sphere. Attempts have been made to reduce the size of the
bubbles in order to facilitate oxygen transfer by increasing the
total surface area of the oxygen bubbles. U.S. Pat. No. 5,534,
143 discloses a microbubble generator that achieves a bubble
size of about 0.10 millimeters to about 3 millimeters in diam-
eter. U.S. Pat. No. 6,394,429 (“the *429 patent”) discloses a
device for producing microbubbles, ranging in size from 0.1

20

30

286 kilojoules of energy is required to generate one mole of
oxygen.

The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydrogen
may be collected for various uses. The “electrolytic water”
surrounding the anode becomes acidic while the electrolytic
water surrounding the cathode becomes basic. Therefore, the
electrodes tend to foul or pit and have a limited life in these
corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from the
group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides or
metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
on a substrate. The cathode and anodes may be formed on any
convenient support in any desired shape or size. It is possible
to use the same materials or different materials for both elec-
trodes. The choice is determined according to the uses. Plati-
num and iron alloys (“stainless steel”) are often preferred
materials due to their inherent resistance to the corrosive
electrolytic water. An especially preferred anode disclosed in
U.S. Pat. No. 4,252,856 comprises vacuum deposited iridium
oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detrimen-
tal to live animals. Many of the uses of oxygenators, such as
keeping bait or caught fish alive, would benefit from portable
devices that did not require a source of high power. The need
remains for quiet, portable, low voltage means to oxygenate
water.

It has also been known that plant roots are healthier when
oxygenated water is applied. It is thought that oxygen inhibits
the growth of deleterious fungi. The water sparged with air as
in the ’429 patent was shown to increase the biomass of
hydroponically grown cucumbers and tomatoes by about
15%.

The need remains for oxygenator models suitable to be
placed in-line in water distribution devices so as to be applied
to field as well as hydroponic culture.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an
electrolytic cell which generates very small microbubbles

JA11l
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and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the
medium, resulting in a medium supersaturated with oxygen.

The electrodes may be a metal or oxide of at least one metal
selected from the group consisting of ruthenium, iridium,
nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese,
tantalum, molybdenum, lead, titanium, platinum, palladium
and osmium or oxides thereof. The electrodes may be formed
into open grids or may be closed surfaces. The most preferred
cathode is a stainless steel mesh. The most preferred mesh is
a {fraction (Y1)} inch grid. The most preferred anode is
platinum and iridium oxide on a support. A preferred support
is titanium.

In order to form microbubbles and nanobubbles, the anode
and cathode are separated by a critical distance. The critical
distance ranges from 0.005 inches to 0.140 inches. The pre-
ferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those mod-
els with low voltage requirements are especially suited to
oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of
electrolysis.

A flow-through model is provided which may be connected
in-line to a watering hose or to a hydroponic circulating
system. The flow-through model can be formed into a tube
with triangular cross-section. In this model, the anode is
placed toward the outside of the tube and the cathode is placed
on the inside, contacting the water flow. Alternatively, the
anodes and cathodes may be in plates parallel to the long axis
of the tube, or may be plates in a wafer stack. Alternately, the
electrodes may be placed in a side tube (“T”” model) out of the
direct flow of water. Protocols are provided to produce super-
oxygenated water at the desired flow rate and at the desired
power usage. Controls are inserted to activate electrolysis
when water is flowing and deactivate electrolysis at rest.

This invention includes a method to promote growth and
increase yield of plants by application of superoxygenated
water. The water treated with the emitter of this invention is
one example of superoxygenated water. Plants may be grown
in hydroponic culture or in soil. The use of the flow-through
model for drip irrigation of crops and waste water treatment is
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O, emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.

FIG. 6 shows the yield of tomato plants watered with
superoxygenated water.

o

w
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“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“O, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the water
an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular tem-
perature and pressure.

“Superoxygenated water” means water with an oxygen
content at least 120% of that calculated to be saturated at a
temperature.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, amedium that can
support the electrolysis of water. In general, the lower limit of
resistance for a medium that can support electrolysis is water
containing more than 2000 ppm total dissolved solids.

The present invention produces microbubbles and
nanobubbles of oxygen via the electrolysis of water. As
molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small to
break the surface tension of the fluid. These bubbles remain
suspended indefinitely in the fluid and, when allowed to build
up, make the fluid opalescent or milky. Only after several
hours do the bubbles begin to coalesce on the sides of the
container and the water clears. During that time, the water is
supersaturated with oxygen. In contrast, the H, formed
readily coalesces into larger bubbles which are discharged
into the atmosphere, as can be seen by bubble formation at the
cathode.

The first objective of this invention was to make an oxygen
emitter with low power demands, low voltage and low current
for use with live animals. For that reason, a small button
emitter was devised. The anode and cathode were set at vary-
ing distances. It was found that electrolysis took place at very
short distances before arcing of the current occurred. Surpris-
ingly, at slightly larger distances, the water became milky and
no bubbles formed at the anode, while hydrogen continued to
be bubbled off the cathode. At distance of 0.140 inches
between the anode and cathode, it was observed that the
oxygen formed bubbles at the anode. Therefore, the critical
distance for microbubble and nanobubble formation was
determined to be between 0.005 inches and 0.140 inches.

FIG. 7 shows an oxygenation chamber suitable for flow- 55
through applications. FIG. 7A is a cross section showing EXAMPLE 1
arrangement of three plate electrodes. FIG. 7B is a longitu-
dinal section showing the points of connection to the power Oxygen Emitter
source.
FIG. 8 is a graph showing the oxygenation of waste water. 60  As shown in FIG. 1, the oxygen evolving anode 1 selected

DETAILED DESCRIPTION OF THE INVENTION
Definitions

For the purpose of describing the present invention, the
following terms have these meanings:

65

as the most efficient is an iridium oxide coated single sided
sheet of platinum on a support of titanium (Eltech, Fairport
Harbor, Ohio). The cathode 2 is a (fraction (Y1)} inch mesh
(size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 contain-
ing a gap 4 for the passage of gas and mixing of anodic and
cathodic water and connected to a power source through a
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connection point 5. FIG. 2 shows a plan view of the assembled
device. The O, emitter 6 with the anode connecting wire 7 and
the cathode connecting wire 8 is contained in an enclosure 9,
connected to the battery compartment 10. The spacer thick-
ness is critical as it sets the critical distance. It must be of
sufficient thickness to prevent arcing of the current, but thin
enough to separate the electrodes by no more than 0.140
inches. Above that thickness, the power needs are higher and
the oxygen bubbles formed at higher voltage will coalesce
and escape the fluid. Preferably, the spacer is from 0.005 to
0.075 inches thick. At the lower limits, the emitter tends to
foul more quickly. Most preferably, the spacer is about 0.050
inches thick. The spacer may be any nonconductive material
such as nylon, fiberglass, Teflon®, polymer or other plastic.
Because of the criticality of the space distance, it is preferable
to have a non-compressible spacer. It was found that Buna,
with a durometer measure of 60 was not acceptable due to
decomposition. Viton, a common fluoroelastomer, has a
durometer measure of 90 and was found to hold its shape well.

Inoperation, a small device withan O, emitter 1.485 inches
in diameter was driven by 4A A batteries. The critical distance
was held at 0.050 inches with a Viton spacer. Five gallons of
water became saturated in seven minutes. This size is suitable
for raising oxygen levels in an aquarium or bait bucket.

It is convenient to attach a control circuit which comprises
a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water is
warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use power
most economically. FIG. 3 shows a block diagram of a timer
control with anode 1, cathode 2, thermistor temperature sen-
sor 3, timer control circuit 4 and wire from a direct current
power source 5.

EXAMPLE 2
Measurement of O, Bubbles

Attempts were made to measure the diameter of the O,

o

5

40

6

increase the sensitivity of measurement so that sub-micron
diameter bubbles can be measured.

EXAMPLE 3
Other Models of Oxygen Emitter

Depending on the volume of fluid to be oxygenated, the
oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in a
substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated to
the electrodes by the nonconductor spacer material of a thick-
ness from 0.005 to 0.075 inches, preferably 0.050 inches. It
has been noticed that the flow of water seems to be at the
periphery of the emitter, while the evolved visible bubbles
(H,) arise at the center of the emitter. Therefore, a funnel or
pyramidal shaped emitter was constructed to treat larger vol-
umes of fluid. FIG. 4 is a cross sectional diagram of such an
emitter. The anode 1 is formed as an open grid separated from
a marine grade stainless steel screen cathode 2 by the critical
distance by spacer 3 around the periphery of the emitter and at
the apex. This flow-through embodiment is suitable for treat-
ing large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating a
10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to oxy-
genate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate and
long lasting or conversely, to supersaturate water very quickly
at higher voltage and amperage. In the special dimensions of
the present invention, it has been found that a 6 volt battery
supplying a current as low as 40 milliamperes is sufficient to
generate oxygen. Such a model is especially useful with live
plants or animals, while it is more convenient for industrial
use to use a higher voltage and current. Table I shows a
number of models suitable to various uses.

bubbles emitted by the device of Example 1. In the case of 45

particles other than gasses, measurements can easily be made TABLE I

by scanning electron microscopy, but gasses do not survive -

electron microscopy. Large bubble may be measured by pore ~ Emitter Model Gallons _ Volts  AmpsMax. ~ Ave Watis

exclusion, for example, which is also not feasible when mea- Bait keeper 5 6 0.090 0.060  0.36

suring a gas bubble. A black and white digital, high contrast, 50 Livewell 32 12 0.180 0.120 144

backlit photograph of treated water with a millimeter scale gﬁxé ;’Cl‘ ;8 E 8?;8 g'ﬁg ;‘1‘2

reference was shot of water produced by the emitter of Double cycle 5 12 0.180 0180 216

Example 1. About 125 bubbles were seen in the area selected OEM 3 inch 50 12 0.500 0265 3.48

for measurement. Seven bubbles ranging from the smallest OEM 4 inch 80 12 0.980 0410 4.92

clearly seen to the largest were measured. The area was 55 “vaterpail 2 2‘: 1.200 1'200 28.80

enlarged, giving a scale multiplier of 0.029412. Plate 250 2 3000 2500 30.00
Recorded bubble diameters at scale were 0.16, 0.22, 0.35,

0.51, 0.76, 0.88 and 1.09 millimeters. The last three were

considered outliers by reverse analysis of variance and were EXAMPLE 4

assumed to be hydrogen bubbles. When multiplied by the 60

scale multiplier, the assumed O, bubbles were found to range
from 4.7 to 15 microns in diameter. This test was limited by
the resolution of the camera and smaller bubbles in the
nanometer range could not be resolved. It is known that white
light cannot resolve features in the nanometer size range, so
monochromatic laser light may give resolution sensitive
enough to measure smaller bubbles. Efforts continue to

Multilayer Sandwich O, Emitter

An O, emitter was made in a multilayer sandwich embodi-
ment. (FIG. 5) An iridium oxide coated platinum anode 1 was
formed into a grid to allow good water flow and sandwiched
between two stainless steel screen cathodes 2. Spacing was
held at the critical distance by nylon spacers 3. The embodi-
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ment illustrated is held in a cassette 4 which is secured by
nylon bolt 5 with a nylon washer 6. The dimensions selected
were:

0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

for an overall emitter thickness 0f 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with this
sequence: cathode, spacer, anode, spacer, cathode, spacer,
anode, spacer, cathode, spacer, anode, spacer, cathode. The
number of layers in the sandwich is limited only by the power
requirements acceptable for an application.

EXAMPLE 5

Effect of Superoxygenated Water on the Growth of
Plants

It is known that oxygen is important for the growth of
plants. Although plants evolve oxygen during photosynthe-
sis, they also have a requirement for oxygen for respiration.
Oxygen is evolved in the leaves of the plants, while often the
roots are in a hypoxic environment without enough oxygen to
support optimum respiration, which can be reflected in less
than optimum growth and nutrient utilization. Hydroponi-
cally grown plants are particularly susceptible to oxygen
deficit in the root system. U.S. Pat. No. 5,887,383 describes a
liquid supply pump unit for hydroponic cultures which attain
oxygen enrichment by sparging with air. Such a method has
high energy requirements and is noisy. Furthermore, while
suitable for self-contained hydroponic culture, the apparatus
is not usable for field irrigation. In a report available on the
web, it was shown that hydroponically grown cucumbers and
tomatoes supplied with water oxygenated with a device simi-
lar to that described in the *429 patent had increased biomass
of about 12% and 17% respectively. It should be noted that

20

25

8

B. Superoxygenated Water in Field Culture.

A pilot study was designed to ascertain that plants outside
the hydroponic culture facility would benefit from the appli-
cation of oxygen. It was decided to use water treated with the
emitter of Example 1 as the oxygen carrier. Since water so
treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee “Big Boy”) were planted in one-
inch diameter peat and dirt plugs encased in cheese cloth and
placed in a tray in a southwest window. Controls were
watered once a day with tap water (“Control”) or oxygenated
water (“Test”). Both Controls and Test sprouted at one week.
After five weeks, the Test plants were an average of 11 inches
tall while the Controls were an average of nine inches tall. At
this time, May 10, when the threat of frost in Minnesota was
minimal, the plants were transplanted to 13 inch diameter
pots with drainage holes. Four inches of top soil was added to
each pot, topped off with four inches of Scott’s Potting Soil.
The pots were placed outside in a sunny area with at least
eight hours a day of full sun. The plants were watered as
needed with either plain tap water (Control) or oxygenated
water (Test). The oxygenated water was produced by use of
the emitter of Example 1 run for one-halfhour in a five-gallon
container of water. Previous experiments showed that water
thus treated had an oxygen content from 160% to 260%
saturation. The Test plants flowered on June 4, while the
Controls did not flower until June 18. For both groups, every
plant in the group first had flowers on the same day. All plants
were fertilized on July 2 and a soaker hose provided because
the plants were now so big that watering by hand was difficult.
The soaker hose was run for one half to one hour each morn-
ing, depending on the weather, to a point at which the soil was
saturated with water. One half hour after the soaker hose was
turned off, about 750 ml of superoxygenated water was
applied to each of the Test plants.

The Test plants were bushier than the Controls although the
heights were similar. At this time, there were eight Control
plants and seven Test plants because one of the Test plants
broke in a storm. On July 2, the control plants averaged about
17 primary branches from the vine stem, while the control
plants averaged about 13 primary branches from the vine
stem. As the tomatoes matured, each was weighed on a
kitchen scale at harvest. The yield history is shown in Table II.

when sparged with air, the water may become saturated with 45 TABLE 11

oxygen, but it is unlikely that the water is superoxygenated. -

A. Superoxygenated Water in Hydroponic Culture. Control, grams Test, grams

Two small hydroponic systems were set up to grow two tomatoes from eight tomatoes from seven
. . . . Week of: plants/cumulative total plants/cumulative total

tomato plants. Circulation protocols were identical except

that the 2 ¥ gallon water reservoir for the Control plant was 30 Tuly 27 240 400

eroated with and aquarium bubbler and that for the Test plant August 3 180 420 210 310
, . . . . . August 10 905 1325 1830 5140

was oxy genat‘ed with a five-inch strip emitter for two minutes August 17 410 1735 2500 7730

prior to pumping. The cycle was set at four minutes of pump- August 24 3300 5035 2470 10200

ing, followed by four minutes of rest. The control water had 5 ’S‘“gt““sl s t415'0h . 9175 ;gi‘g };Zgg

~ . . . eptember not weighe
an oxygen content of about 97% to 103% saturation, that is, it Final Harvest 6435 15620 8805 24385

was saturated with oxygen. The test water had an oxygen
content of about 153% to 165% saturation, that is, it was
supersaturated. The test plant was at least four times the
volume of the control plant and began to show what looked
like fertilizer burn. At that point the fertilizer for the Test plant
was reduced by half. Since the plants were not exposed to
natural light but to continuous artificial light in an indoor
environment without the natural means of fertilization (wind
and/or insects), the experiment was discontinued after three
months. At that time, the Test plant but not the Control plant
had blossomed.

o
o

September 24

The total yield for the eight Control plants was 15620
grams or 1952 grams of tomatoes per plant.

Thetotal yield for the seven Test plants was 24385 grams or
3484 grams of tomatoes per plant, an increase in yield of
about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time.
Not only did the Test plants blossom and bear fruit earlier, but
that the Control plants never caught up to the test plants in the
short Minnesota growing season. It should be noted that the
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experiment was terminated because of predicted frost. All
fruits, both green and red, were harvested and weighed at that
point.

EXAMPLE 6
Flow-Through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural
uses, an emitter than can oxygenate running water efficiently
was developed. In FIG. 7(A), the oxygenation chamber is
comprised of three anodes 1 and cathodes 2, of appropriate
size to fit inside a tube or hose and separated by the critical
distance are placed within a tube or hose 3 at 120° angles to
each other. The anodes and cathodes are positioned with
stabilizing hardware 4. The stabilizing hardware, which can
be any configuration such as a screw, rod or washer, is pref-
erably formed from stainless steel. FIG. 7(B) shows a plan
view of the oxygenation chamber with stabilizing hardware 4
serving as a connector to the power source and stabilizing
hardware 5 serving as a connector to the power source. The
active area is shown at 6.

This invention is not limited to the design selected for this
embodiment. Those skilled in the art can readily fabricate any

0

10

It is expected that the superoxygenated plants with drip
irrigation will show more improved performance with more
continuous application of oxygen than did the tomato plants
of Example 5, which were given superoxygenated water only
once a day.

EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD,
due to the bacterial flora. It is desirable to raise the oxygen
content of the waste water in order to cause the flora to
flocculate. However, it is very difficult to effectively oxygen-
ate such water. Using a4 inch OEM (see Table I) witha 12 volt
battery, four liters of waste water in a five gallon pail were
oxygenated. As shown in FIG. 8, the dissolved oxygen went
from 0.5 mg/1 to 10.8 mg/1 in nine minutes.

Those skilled in the art will readily comprehend that varia-
tions, modifications and additions may in the embodiments
described herein may be made. Therefore, such variations,
modifications and additions are within the scope of the
appended claims.

The invention claimed is:

of the emitters shown in FIG. 4 or 5, or can design other 25 1. A method for treating waste water comprising;
embodiments that will oxygenate flowing water. One useful providing a flow-through oxygenator comprising an emit-
embodiment is the “T” model, wherein the emitter unit is set ter for electrolytic generation of microbubbles of oxy-
in a side arm. The emitted bubbles are swept into the water gen comprising an anode separated at a critical distance
flow. The unit is detachable for easy servicing. Table ITI shows from a cathode and a power source all in electrical com-
several models of flow through emitters. The voltage and 30 munication with each other,

flowrates were held constant and the current varied. The Dis-
solved oxygen (DO) from the source was 7.1 mg/liter. The
starting temperature was 12.2° C. but the flowing water
cooled slightly to 11 or 11.5° C. Without undue experimen-
tation, anyone may easily select the embodiment that best
suits desired characteristics from Table III or designed with
the teachings of Table III.

placing the emitter within a conduit; and

passing waste water through the conduit.

[2. An emitter for electrolytic generation of microbubbles
of oxygen in an aqueous medium comprising: an anode sepa-
rated at a critical distance from a cathode, a nonconductive
spacer maintaining the separation of the anode and cathode,
the nonconductive spacer having a spacer thickness between

TABLE Il
ACTIVE DO OF*
ELECTRODE CURRENT, FLOW RATE = SAMPLE AT
MODEL AREA, SQ.IN. VOLTAGE AMPS. GAL/MINUTE ONE MINUTE
2-Inch “T” 2 283 0.72 12 N/A
3-inch “T” 3 28.3 1.75 12 N/A
2-plate Tube 20 283 9.1 12 8.4
3-Plate tube 30 283 12.8 12 9.6

*As the apparatus runs longer, the flowing water becomes milky, indicating supersaturation. The one-minute time

point shows the rapid increase in oxygenation,

The following plants will be tested for response to super-
oxygenated water: grape vines, lettuce, and radishes in three
different climate zones. The operators for these facilities will
be supplied with units for drip irrigation. Drip irrigation is a
technique wherein water is pumped through a pipe or hose
with perforations at the site of each plant to be irrigated. The
conduit may be underground or above ground. Since the
water is applied directly to the plant rather than wetting the
entire field, this technique is especially useful in arid climates
or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irriga-
tion per the usual protocol for the respective plants. Growth
and yield will be compared to the same plants given only the
usual irrigation water. Pest control and fertilization will be the
same between test and control plants, except that the opera-
tors of the experiments will be cautioned to be aware of the
possibility of fertilizer burn in the test plants and to adjust
their protocols accordingly.

0.005 to 0.050 inches such that the critical distance is less than
0.060 inches and a power source all in electrical communi-
cation with each other, wherein the critical distance results in
the formation of oxygen bubbles having a bubble diameter
less than 0.0006 inches, said oxygen bubbles being incapable
of breaking the surface tension of the aqueous medium such
that said aqueous medium is supersaturated with oxygen.]

[3. The emitter of claim 2, wherein the anode is a metal or
a metallic oxide or a combination of a metal and a metallic
oxide.]

[4. The emitter of claim 2, wherein the anode is platinum
and iridium oxide on a support.]

[5. The emitter of claim 2, wherein the cathode is a metal or
metallic oxide or a combination of a metal and a metallic
oxide.]

[6. The emitter of claim 2, wherein the critical distance is
0.005 to 0.060 inches.]
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[7. The emitter of claim 2, comprising a plurality of anodes
separated at the critical distance from a plurality of cathodes.]

[8. A method for oxygenating a non-native habitat for
temporarily keeping aquatic animals, comprising:

inserting the emitter of claim 2 into the aqueous medium,
the non-native habitat comprising an aquarium, a bait
bucket or a live well.]

[9. A method for lowering the biologic oxygen demand of

polluted water comprising:
passing the polluted water through a vessel containing the
emitter of claim 2.]
[10. A supersaturated aqueous product formed with the
emitter of claim 2, the supersaturated aqueous producthaving
an approximately neutral pH.]
[11. The emitter of claim 2, further comprising a timer
control.]
[12. The emitter of claim 2, wherein the anode and cathode
are arranged such that the emitter assumes a funnel or pyra-
midal shaped emitter.]
13. A method for producing an oxygenated aqueous com-
position comprising:
Sflowing water at a flow rate no greater than 12 gallons per
minute through an electrolysis emitter comprising an
electrical power source electrically connected to an
anode electrode and a cathode electrode contained in a
tubular housing,
causing electricity to flow from the power source to the
electrodes, and,
producing the composition comprising a suspension com-
prising oxygen microbubbles and nanobubbles in the
water, the microbubbles and nanobubbles having a
bubble diameter of less than 50 microns, wherein:
the anode electrode is separated at a critical distance
from the cathode such that the critical distance is from
0.005 inches to 0.140 inches;

the power source produces a voltage no greater than
about 28.3 volts and an amperage no greater than
about 13 amps,

the tubular housing has an inlet and an outlet and a
tubular flow axis from the inlet to the outlet;

the water flows in the inlet, out the outlet, is in fluid
connection with the electrodes, and the water flowing
into the inlet has a conductivity produced by the pres-
ence of dissolved solids such that the water supports
plant or animal life.

14. A method according to claim 13 wherein the housing
contains at least one anode and at least one cathode, the

o

w

[ )
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electrodes are of a grid or solid design and are relatively
positioned in cross section along the radius of the tubular
housing with their long axes substantially parallel to the
tubular water flow axis of the housing.

15. 4 method according to claim 13 wherein the housing
has a side arm positioned at an angle relative to the tubular
flow axis and the electrodes are located in the side arm.

16. 4 method according to claim 15 wherein the side arm
contains a multiple number of anode and cathode electrodes
and the electrodes are plate shaped.

17. A method according to claim 14 wherein a multiple
number of anode and cathodes are present and are of grid or
solid design.

18. A method according to claim 13 wherein the water has
a temperature no greater than about ambient temperature at
the inlet and the water temperature is a factor for formation of
the suspension.

19. A method according to claim 13 wherein the
microbubbles and nanobubbles remain in the water at least in
part for a period up to several hours.

20. A method according to claim 19 wherein the period for
which the microbubbles and nanobubbles at least in part
remain in the water is determined by containing the water
with microbubbles and nanobubbles in a two and one half
gallon aquarium reservoir container.

21. A method according to claim 13 wherein the
microbubbles and nanobubbles supersaturate the water.

22. A method according to claim 13 wherein the bubble
diameter of the microbubbles and nanobubbles is less than
0.0006 inches.

23. A method according to claim 13 wherein the separation
of electrodes is maintained by a nonconductive spacer.

24. A method according to claim 13 wherein the electrode
separation distance is about 0.045 to about 0.06 inches.

25. A method according to claim 13 wherein the
microbubbles and nanobubbles are substantially incapable of
breaking the surface tension of the water.

26. A method according to claim 13 wherein each anode
and cathode electrode of the emitter is positioned so that
substantially all points midway between opposing anode and
cathode electrodes are closer to a surface of the tubular
housing than to a center point within the tubular housing.

27. A method according to claim 26 wherein each anode
and cathode electrode of the emitter ave positioned so that the
electrodes do not obstruct a water flow passage along the
center of the tubular housing.

* 0% % k¥
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FLOW-THROUGH OXYGENATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

More than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,670,495. This application is a
continuation reissue application of application Ser. No.
14/601,340, filed Jan. 21, 2015, which is a continuation
reissue application of application Ser. No. 13/247,241, filed
Sep. 28, 2011, now U.S. Pat. No. RE45,415, which is a
reissue of U.S. Pat. No. 7,670,495. U.S. Pat. No. 6,760,495
is a division of application Ser. No. 10/732,326 filed Dec.
10, 2003, which in turn is a continuation-in-part of appli-
cation Ser. No. 10/372,017, filed Feb. 21, 2003, now U.S.
Pat. No. 6,689,262, which claims the benefit of U.S. Provi-
sional Application No. 60/358,534, filed Feb. 22, 2002, each
of which is hereby fully incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content
of flowing water. This invention also relates to the use of
superoxygenated water to enhance the growth and yield of
plants. The flow-through model is useful for oxygenating
water for hydroponic plant culture, drip irrigation and waste
water treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxy-
gen content of aqueous media. Efforts have been made to
achieve higher saturated or supersaturated oxygen levels for
applications such as the improvement of water quality in
ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic
animals, biological culture and hydroponic culture. For
example, fish held in a limited environment such as an
aquarium, a bait bucket or a live hold tank may quickly use
up the dissolved oxygen in the course of normal respiration
and are then subject to hypoxic stress, which can lead to
death. A similar effect is seen in cell cultures, where the
respiring cells would benefit from higher oxygen content of
the medium. Organic pollutants from agricultural, municipal
and industrial facilities spread through the ground and
surface water and adversely affect life forms. Many pollut-
ants are toxic, carcinogenic or mutagenic. Decomposition of
these pollutants is facilitated by oxygen, both by direct
chemical detoxifying reactions or by stimulating the growth
of detoxifying microflora. Contaminated water is described
as having an increased biological oxygen demand (BOD)
and water treatment is aimed at decreasing the BOD so as to
make more oxygen available for fish and other life forms.

The most common method of increasing the oxygen
content of a medium is by sparging with air or oxygen.
While this is a simple method, the resulting large bubbles
produced simply break the surface and are discharged into
the atmosphere. Attempts have been made to reduce the size
of the bubbles in order to facilitate oxygen transfer by
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increasing the total surface area of the oxygen bubbles. U.S.
Pat. No. 5,534,143 discloses a microbubble generator that
achieves a bubble size of about 0.10 millimeters to about 3
millimeters in diameter. U.S. Pat. No. 6,394,429 (“the *429
patent”) discloses a device for producing microbubbles,
ranging in size from 0.1 to 100 microns in diameter, by
forcing air into the fluid at high pressure through a small
orifice.

When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or
pure oxygen may be used. The production of oxygen and
hydrogen by the electrolysis of water is well known. A
current is applied across an anode and a cathode which are
immersed in an aqueous medium. The current may be a
direct current from a battery or an AC/DC converter from a
line. Hydrogen gas is produced at the cathode and oxygen
gas is produced at the anode. The reactions are:

AT THE CATHODE:
AT THE ANODE:
NET REACTION:

4H,0 + 4¢~ — 40H" + 2H,
2H,0 — O, + 4H" + 4¢~
61,0 — 40H™ + 4H* ++ 2H, + O,

286 kilojoules of energy is required to generate one mole of
oxygen.

The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydro-
gen may be collected for various uses. The “electrolytic
water” surrounding the anode becomes acidic while the
electrolytic water surrounding the cathode becomes basic.
Therefore, the electrodes tend to foul or pit and have a
limited life in these corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from
the group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides
or metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
on a substrate. The cathode and anodes may be formed on
any convenient support in any desired shape or size. It is
possible to use the same materials or different materials for
both electrodes. The choice is determined according to the
uses. Platinum and iron alloys (“stainless steel”) are often
preferred materials due to their inherent resistance to the
corrosive electrolytic water. An especially preferred anode
disclosed in U.S. Pat. No. 4,252,856 comprises vacuum
deposited iridium oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detri-
mental to live animals. Many of the uses of oxygenators,
such as keeping bait or caught fish alive, would benefit from
portable devices that did not require a source of high power.
The need remains for quiet, portable, low voltage means to
oxygenate water.

It has also been known that plant roots are healthier when
oxygenated water is applied. It is thought that oxygen
inhibits the growth of deleterious fungi. The water sparged
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with air as in the *429 patent was shown to increase the
biomass of hydroponically grown cucumbers and tomatoes
by about 15%.

The need remains for oxygenator models suitable to be
placed in-line in water distribution devices so as to be
applied to field as well as hydroponic culture.

SUMMARY OF THE INVENTION

4

FIG. 6 shows the yield of tomato plants watered with
superoxygenated water.

FIG. 7 shows an oxygenation chamber suitable for flow-
through applications. FIG. 7A is a cross section showing
arrangement of three plate electrodes. FIG. 7B is a longitu-
dinal section showing the points of connection to the power
source.

FIG. 8 is a graph showing the oxygenation of waste water.

This invention provides an oxygen emitter which is an 10 DETAILED DESCRIPTION OF THE
electrolytic cell which generates very small microbubbles INVENTION
and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the Definitions
medium, resulting in a medium supersaturated with oxygen.
The electrodes may be a metal or oxide of at least one 15  For the purpose of describing the present invention, the

metal selected from the group consisting of ruthenium,
iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten,
manganese, tantalum, molybdenum, lead, titanium, plati-
num, palladium and osmium or oxides thereof. The elec-
trodes may be formed into open grids or may be closed
surfaces. The most preferred cathode is a stainless steel
mesh. The most preferred mesh is a {fraction (Y1)} inch
grid. The most preferred anode is platinum and iridium
oxide on a support. A preferred support is titanium.

In order to form microbubbles and nanobubbles, the
anode and cathode are separated by a critical distance. The
critical distance ranges from 0.005 inches to 0.140 inches.
The preferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those
models with low voltage requirements are especially suited
to oxygenating water in which animals are to be held.
Controls are provided to regulate the current and timing of
electrolysis.

A flow-through model is provided which may be con-
nected in-line to a watering hose or to a hydroponic circu-
lating system. The flow-through model can be formed into a
tube with triangular cross-section. In this model, the anode
is placed toward the outside of the tube and the cathode is
placed on the inside, contacting the water flow. Alterna-
tively, the anodes and cathodes may be in plates parallel to
the long axis of the tube, or may be plates in a wafer stack.
Alternately, the electrodes may be placed in a side tube (“T”
model) out of the direct flow of water. Protocols are pro-
vided to produce superoxygenated water at the desired flow
rate and at the desired power usage. Controls are inserted to
activate electrolysis when water is flowing and deactivate
electrolysis at rest.

This invention includes a method to promote growth and
increase yield of plants by application of superoxygenated
water. The water treated with the emitter of this invention is
one example of superoxygenated water. Plants may be
grown in hydroponic culture or in soil. The use of the
flow-through model for drip irrigation of crops and waste
water treatment is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O, emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.

[ )
a

w
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50
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following terms have these meanings:

“Critical distance” means the distance separating the
anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

“Critical distance” means the distance separating the
anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

“0, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the
water an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular
temperature and pressure.

“Superoxygenated water” means water with an oxygen
content at least 120% of that calculated to be saturated at a
temperature.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, a medium that
can support the electrolysis of water. In general, the lower
limit of resistance for a medium that can support electrolysis
is water containing more than 2000 ppm total dissolved
solids.

The present invention produces microbubbles and
nanobubbles of oxygen via the electrolysis of water. As
molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small
to break the surface tension of the fluid. These bubbles
remain suspended indefinitely in the fluid and, when allowed
to build up, make the fluid opalescent or milky. Only after
several hours do the bubbles begin to coalesce on the sides
of the container and the water clears. During that time, the
water is supersaturated with oxygen. In contrast, the H,
formed readily coalesces into larger bubbles which are
discharged into the atmosphere, as can be seen by bubble
formation at the cathode.

The first objective of this invention was to make an
oxygen emitter with low power demands, low voltage and
low current for use with live animals. For that reason, a
small button emitter was devised. The anode and cathode
were set at varying distances. It was found that electrolysis
took place at very short distances before arcing of the current
occurred. Surprisingly, at slightly larger distances, the water
became milky and no bubbles formed at the anode, while
hydrogen continued to be bubbled off the cathode. At
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distance of 0.140 inches between the anode and cathode, it
was observed that the oxygen formed bubbles at the anode.
Therefore, the critical distance for microbubble and
nanobubble formation was determined to be between 0.005
inches and 0.140 inches.

EXAMPLE 1
Oxygen Emitter

As shown in FIG. 1, the oxygen evolving anode 1 selected
as the most efficient is an iridium oxide coated single sided
sheet of platinum on a support of titanium (Eltech, Fairport
Harbor, Ohio). The cathode 2 is a (fraction (Y1)} inch mesh
(size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 con-
taining a gap 4 for the passage of gas and mixing of anodic
and cathodic water and connected to a power source through
a connection point 5. FIG. 2 shows a plan view of the
assembled device. The O, emitter 6 with the anode connect-
ing wire 7 and the cathode connecting wire 8 is contained in
an enclosure 9, connected to the battery compartment 10.
The spacer thickness is critical as it sets the critical distance.
It must be of sufficient thickness to prevent arcing of the

w

6

by pore exclusion, for example, which is also not feasible
when measuring a gas bubble. A black and white digital,
high contrast, backlit photograph of treated water with a
millimeter scale reference was shot of water produced by the
emitter of Example 1. About 125 bubbles were seen in the
area selected for measurement. Seven bubbles ranging from
the smallest clearly seen to the largest were measured. The
area was enlarged, giving a scale multiplier of 0.029412.
Recorded bubble diameters at scale were 0.16, 0.22, 0.35,
0.51, 0.76, 0.88 and 1.09 millimeters. The last three were
considered outliers by reverse analysis of variance and were
assumed to be hydrogen bubbles. When multiplied by the
scale multiplier, the assumed O, bubbles were found to
range from 4.7 to 15 microns in diameter. This test was
limited by the resolution of the camera and smaller bubbles
in the nanometer range could not be resolved. It is known
that white light cannot resolve features in the nanometer size
range, so monochromatic laser light may give resolution
sensitive enough to measure smaller bubbles. Efforts con-
tinue to increase the sensitivity of measurement so that
sub-micron diameter bubbles can be measured.

current, but thin enough to separate the electrodes by no 25 EXAMPLE 3

more than 0.140 inches. Above that thickness, the power

needs are higher and the oxygen bubbles formed at higher .

voltage will coalesce and escape the fluid. Preferably, the Other Models of Oxygen Emitter

spacer is from 0.005 to 0.075 inches thick. At the lower ) .

limits, the emitter tends to foul more quickly. Most prefer- 30 Depending on the volume of fluid to be oxygenated, the

ably, the spacer is about 0.050 inches thick. The spacer may
be any nonconductive material such as nylon, fiberglass,
Teflon®, polymer or other plastic. Because of the criticality
of the space distance, it is preferable to have a non-
compressible spacer. It was found that Buna, with a durom-
eter measure of 60 was not acceptable due to decomposition.
Viton, a common fluoroelastomer, has a durometer measure
of 90 and was found to hold its shape well.

In operation, a small device with an O, emitter 1.485
inches in diameter was driven by 4AA batteries. The critical
distance was held at 0.050 inches with a Viton spacer. Five
gallons of water became saturated in seven minutes. This
size is suitable for raising oxygen levels in an aquarium or
bait bucket.

It is convenient to attach a control circuit which comprises
a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water
is warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use
power most economically. FIG. 3 shows a block diagram of
a timer control with anode 1, cathode 2, thermistor tempera-
ture sensor 3, timer control circuit 4 and wire from a direct
current power source 5.

EXAMPLE 2
Measurement of O, Bubbles

Attempts were made to measure the diameter of the O,
bubbles emitted by the device of Example 1. In the case of
particles other than gasses, measurements can easily be
made by scanning electron microscopy, but gasses do not
survive electron microscopy. Large bubble may be measured

60

oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in
a substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated

5 to the electrodes by the nonconductor spacer material of a

thickness from 0.005 to 0.075 inches, preferably 0.050
inches. It has been noticed that the flow of water seems to
be at the periphery of the emitter, while the evolved visible
bubbles (H,) arise at the center of the emitter. Therefore, a
funnel or pyramidal shaped emitter was constructed to treat
larger volumes of fluid. FIG. 4 is a cross sectional diagram
of such an emitter. The anode 1 is formed as an open grid
separated from a marine grade stainless steel screen cathode
2 by the critical distance by spacer 3 around the periphery of
the emitter and at the apex. This flow-through embodiment
is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating
a 10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to
oxygenate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate
and long lasting or conversely, to supersaturate water very
quickly at higher voltage and amperage. In the special
dimensions of the present invention, it has been found that
a 6 volt battery supplying a current as low as 40 milliam-
peres is sufficient to generate oxygen. Such a model is
especially useful with live plants or animals, while it is more
convenient for industrial use to use a higher voltage and
current. Table I shows a number of models suitable to
various uses.
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TABLE 1

8

the water may become saturated with oxygen, but it is
unlikely that the water is superoxygenated.

Emitter Model Gallons Volts Amps Max. Ave Watts A. Superoxygenated Water in Hydroponic Culture.

Bait keeper 5 6 0.090 0.060 036 Two small hydroponic systems were set up to grow two
Livewell 32 12 0.180 0120 144 5 tomato plants. Circulation protocols were identical except
giltvls tzo r';wh ;g ﬁ 8'%21;8 8'128 é?‘;’ that the 2 V4 gallon water reservoir for the Control plant was
Double cycle 2 12 0.180 0180  2.16 eroated with and aquarium bubbler and that for the Test plant
OEM 3 inch 50 12 0.500 0.265 348 was oxygenated with a five-inch strip emitter for two
OEM 4 inch 80 12 0.980 0410 4.92 minutes prior to pumping. The cycle was set at four minutes
Water pail 2 24 1.200 1200 2880 1o : N . .

Plate 250 1 5.000 2500 30.00 of pumping, followed by four minutes of rest. The control

EXAMPLE 4
Multilayer Sandwich O, Emitter

An O, emitter was made in a multilayer sandwich
embodiment. (FIG. 5) An iridium oxide coated platinum
anode 1 was formed into a grid to allow good water flow and
sandwiched between two stainless steel screen cathodes 2.
Spacing was held at the critical distance by nylon spacers 3.
The embodiment illustrated is held in a cassette 4 which is
secured by nylon bolt 5 with a nylon washer 6. The dimen-
sions selected were:

0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

for an overall emitter thickness of 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with
this sequence: cathode, spacer, anode, spacer, cathode,
spacer, anode, spacer, cathode, spacer, anode, spacer, cath-
ode. The number of layers in the sandwich is limited only by
the power requirements acceptable for an application.

EXAMPLE 5

Effect of Superoxygenated Water on the Growth of
Plants

It is known that oxygen is important for the growth of
plants. Although plants evolve oxygen during photosynthe-
sis, they also have a requirement for oxygen for respiration.
Oxygen is evolved in the leaves of the plants, while often the
roots are in a hypoxic environment without enough oxygen
to support optimum respiration, which can be reflected in
less than optimum growth and nutrient utilization. Hydro-
ponically grown plants are particularly susceptible to oxy-
gen deficit in the root system. U.S. Pat. No. 5,887,383
describes a liquid supply pump unit for hydroponic cultures
which attain oxygen enrichment by sparging with air. Such
a method has high energy requirements and is noisy. Fur-
thermore, while suitable for self-contained hydroponic cul-
ture, the apparatus is not usable for field irrigation. In a
report available on the web, it was shown that hydroponi-
cally grown cucumbers and tomatoes supplied with water
oxygenated with a device similar to that described in the
*429 patent had increased biomass of about 12% and 17%
respectively. It should be noted that when sparged with air,
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water had an oxygen content of about 97% to 103% satu-
ration, that is, it was saturated with oxygen. The test water
had an oxygen content of about 153% to 165% saturation,
that is, it was supersaturated. The test plant was at least four
times the volume of the control plant and began to show
what looked like fertilizer burn. At that point the fertilizer
for the Test plant was reduced by half Since the plants were
not exposed to natural light but to continuous artificial light
in an indoor environment without the natural means of
fertilization (wind and/or insects), the experiment was dis-
continued after three months. At that time, the Test plant but
not the Control plant had blossomed.

B. Superoxygenated Water in Field Culture.

A pilot study was designed to ascertain that plants outside
the hydroponic culture facility would benefit from the appli-
cation of oxygen. It was decided to use water treated with the
emitter of Example 1 as the oxygen carrier. Since water so
treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee “Big Boy”) were planted in one-
inch diameter peat and dirt plugs encased in cheese cloth and
placed in a tray in a southwest window. Controls were
watered once a day with tap water (“Control”) or oxygen-
ated water (“Test”). Both Controls and Test sprouted at one

5 week. After five weeks, the Test plants were an average of

11 inches tall while the Controls were an average of nine
inches tall. At this time, May 10, when the threat of frost in
Minnesota was minimal, the plants were transplanted to 13
inch diameter pots with drainage holes. Four inches of top
soil was added to each pot, topped off with four inches of
Scott’s Potting Soil. The pots were placed outside in a sunny
area with at least eight hours a day of full sun. The plants
were watered as needed with either plain tap water (Control)
or oxygenated water (Test). The oxygenated water was
produced by use of the emitter of Example 1 run for one-half
hour in a five-gallon container of water. Previous experi-
ments showed that water thus treated had an oxygen content
from 160% to 260% saturation. The Test plants flowered on
June 4, while the Controls did not flower until June 18. For
both groups, every plant in the group first had flowers on the
same day. All plants were fertilized on July 2 and a soaker
hose provided because the plants were now so big that
watering by hand was difficult. The soaker hose was run for
one half to one hour each morning, depending on the
weather, to a point at which the soil was saturated with
water. One half hour after the soaker hose was turned off,
about 750 ml of superoxygenated water was applied to each
of the Test plants.

The Test plants were bushier than the Controls although
the heights were similar. At this time, there were eight
Control plants and seven Test plants because one of the Test
plants broke in a storm. On July 2, the control plants
averaged about 17 primary branches from the vine stem,
while the control plants averaged about 13 primary branches
from the vine stem. As the tomatoes matured, each was
weighed on a kitchen scale at harvest. The yield history is
shown in Table II.
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TABLE 11

Control, grams
tomatoes from
eight plants/

Test, grams
tomatoes from
seven plants/

10

any of the emitters shown in FIG. 4 or 5, or can design other
embodiments that will oxygenate flowing water. One useful
embodiment is the “T” model, wherein the emitter unit is set
in a side arm. The emitted bubbles are swept into the water
flow. The unit is detachable for easy servicing. Table III

Week of: cumulative total cumulative total "
shows several models of flow through emitters. The voltage
July 27 240 400 and flowrates were held constant and the current varied. The
August 3 180 420 2910 3310 Dissolved oxygen (DO) from the source was 7.1 mg/liter.
August 10 905 1325 1830 5140 o ) e o . ;
August 17 410 1735 2590 3730 The starting temperature was 12.2° C. but the flowing water
August 24 3300 5035 2470 10200 10 cogled slightly to 11 or '11.5° C. Without un@ue experimen-
August 31 4150 9175 1580 11780 tation, anyone may easily select the embodiment that best
September 15 not weighed 3710 15490 suits desired characteristics from Table III or designed with
the teachings of Table III.
TABLE III
ACTIVE DO OF*
ELECTRODE CURRENT, FLOW RATE SAMPLE AT
MODEL AREA, SQIN. VOLTAGE  AMPS.  GAL/MINUTE ONE MINUTE
2-Inch “T” 2 28.3 0.72 12 N/A
3-inch “T” 3 28.3 1.75 12 N/A
2-plate Tube 20 28.3 9.1 12 8.4
3-Plate tube 30 28.3 12.8 12 9.6

*As the apparatus runs longer, the flowing water becomes milky, indicating supersaturation. The one-minute time
point shows the rapid increase in oxygenation.

TABLE Il-continued

Control, grams
tomatoes from
eight plants/
cumulative total

Test, grams
tomatoes from
seven plants/

Week of: cumulative total

Final Harvest 6435
September 24

15620 8895 24385

The total yield for the eight Control plants was 15620
grams or 1952 grams of tomatoes per plant.

The total yield for the seven Test plants was 24385 grams
or 3484 grams of tomatoes per plant, an increase in yield of
about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time.
Not only did the Test plants blossom and bear fruit earlier,
but that the Control plants never caught up to the test plants
in the short Minnesota growing season. It should be noted
that the experiment was terminated because of predicted
frost. All fruits, both green and red, were harvested and
weighed at that point.

EXAMPLE 6

25

30

w
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The following plants will be tested for response to super-
oxygenated water: grape vines, lettuce, and radishes in three
different climate zones. The operators for these facilities will
be supplied with units for drip irrigation. Drip irrigation is
a technique wherein water is pumped through a pipe or hose
with perforations at the site of each plant to be irrigated. The
conduit may be underground or above ground. Since the
water is applied directly to the plant rather than wetting the
entire field, this technique is especially useful in arid cli-
mates or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irri-
gation per the usual protocol for the respective plants.
Growth and yield will be compared to the same plants given
only the usual irrigation water. Pest control and fertilization
will be the same between test and control plants, except that
the operators of the experiments will be cautioned to be
aware of the possibility of fertilizer burn in the test plants
and to adjust their protocols accordingly.

It is expected that the superoxygenated plants with drip
irrigation will show more improved performance with more
continuous application of oxygen than did the tomato plants
of Example 5, which were given superoxygenated water
only once a day.

Flow-Through Emitter for Agricultural Use 50
EXAMPLE 7
In order to apply the findings of example 5 to agricultural
uses, an emitter than can oxygenate running water efficiently Treatment of Waste Water
was developed. In FIG. 7(A), the oxygenation chamber is
comprised of three anodes 1 and cathodes 2, of appropriate 55  Waste water, with a high organic content, has a high BOD,

size to fit inside a tube or hose and separated by the critical
distance are placed within a tube or hose 3 at 120° angles to
each other. The anodes and cathodes are positioned with
stabilizing hardware 4. The stabilizing hardware, which can
be any configuration such as a screw, rod or washer, is
preferably formed from stainless steel. FIG. 7(B) shows a
plan view of the oxygenation chamber with stabilizing
hardware 4 serving as a connector to the power source and
stabilizing hardware 5 serving as a connector to the power
source. The active area is shown at 6.

This invention is not limited to the design selected for this
embodiment. Those skilled in the art can readily fabricate

65

due to the bacterial flora. It is desirable to raise the oxygen
content of the waste water in order to cause the flora to
flocculate. However, it is very difficult to effectively oxy-
genate such water. Using a 4 inch OEM (see Table 1) with
a 12 volt battery, four liters of waste water in a five gallon
pail were oxygenated. As shown in FIG. 8, the dissolved
oxygen went from 0.5 mg/1 to 10.8 mg/l in nine minutes.

Those skilled in the art will readily comprehend that
variations, modifications and additions may in the embodi-
ments described herein may be made. Therefore, such varia-
tions, modifications and additions are within the scope of the
appended claims.
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The invention claimed is:

[1. A method for treating waste water comprising;

providing a flow-through oxygenator comprising an emit-

ter for electrolytic generation of microbubbles of oxy-
gen comprising an anode separated at a critical distance
from a cathode and a power source all in electrical
communication with each other,

placing the emitter within a conduit; and

passing waste water through the conduit.]

[2. An emitter for electrolytic generation of microbubbles
of oxygen in an aqueous medium comprising: an anode
separated at a critical distance from a cathode, a noncon-
ductive spacer maintaining the separation of the anode and
cathode, the nonconductive spacer having a spacer thickness
between 0.005 to 0.050 inches such that the critical distance
is less than 0.060 inches and a power source all in electrical
communication with each other, wherein the critical distance
results in the formation of oxygen bubbles having a bubble
diameter less than 0.0006 inches, said oxygen bubbles being
incapable of breaking the surface tension of the aqueous
medium such that said aqueous medium is supersaturated
with oxygen.]

[3. The emitter of claim 2, wherein the anode is a metal
or a metallic oxide or a combination of a metal and a metallic
oxide.]

[4. The emitter of claim 2, wherein the anode is platinum
and iridium oxide on a support.]

[5. The emitter of claim 2, wherein the cathode is a metal
or metallic oxide or a combination of a metal and a metallic
oxide.]

[6. The emitter of claim 2, wherein the critical distance is
0.005 to 0.060 inches.]

[7. The emitter of claim 2, comprising a plurality of
anodes separated at the critical distance from a plurality of
cathodes.]

[8. A method for oxygenating a non-native habitat for
temporarily keeping aquatic animals, comprising:

inserting the emitter of claim 2 into the aqueous medium,

the non-native habitat comprising an aquarium, a bait

bucket or a live well.]

[9. A method for lowering the biologic oxygen demand of
polluted water comprising:

passing the polluted water through a vessel containing the

emitter of claim 2.]

[10. A supersaturated aqueous product formed with the
emitter of claim 2, the supersaturated aqueous product
having an approximately neutral pH.]

[11. The emitter of claim 2, further comprising a timer
control.]

[12. The emitter of claim 2, wherein the anode and
cathode are arranged such that the emitter assumes a funnel
or pyramidal shaped emitter.]

13. A method for treating water comprising:

providing a flow-through oxygenator comprising an emit-

ter for electrolytic generation of bubbles of oxygen, the

emitter including:

a tubular housing having a water inlet, a water outlet,
and a longitudinal water flow axis from the inlet to
the outlet;

at least two electrodes comprising a first electrode and
a second electrode, the first and second electrodes
being positioned in the tubular housing, the first
electrode opposing and separated from the second
electrode by a distance of between 0.005 inches to
0.140 inches within the tubular housing;

each electrode of the emitter is positioned so that
substantially all points midway between all opposing
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electrodes are closer to a surface of the tubular
housing than to a center point within the tubular
housing and so that at least some water may flow
from the water inlet to the water outlet without
passing through a space between electrodes of oppo-
site polarity separated by a distance of between
0.005 inches to 0.140 inches;
power source in electrical communication with the
electrodes, the power source configured to deliver a
voltage to the electrodes, the voltage being less than
or equal to 28.3 volts, the power source being
configured to deliver a current to the electrodes, the
current being less than or equal to 12.8 amps;
passing water through the tubular housing while electri-
cal current is applied to the electrodes producing
oxygen in said water via electrolysis.

14. The method of claim 13 wherein the tubular housing
includes an inward-facing surface that runs parallel to the
longitudinal axis;

wherein the first and second electrodes extend in a direc-

tion that is parallel to the longitudinal axis.

15. The method of claim 13 wherein the tubular housing
includes an inward-facing surface that runs parallel to the
longitudinal axis;

wherein the first and second electrodes extend in a direc-

tion parallel to the longitudinal axis; and

wherein each electrode of the emitter is positioned closer

to the inward-facing surface than to the longitudinal
axis at the center of the tubular housing.

16. The method of claim 13 wherein at least one of the
electrodes is a stainless steel mesh or screen.

17. The method of claim 13 wherein the first and second
electrodes are positioned away from a longitudinal center
axis of the tubular housing and maintain an unobstructed
passageway parallel to the center axis, the passageway
running longitudinally for at least the length of the first and
second electrodes positioned within the tubular housing.

18. The method of claim 17 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing first and
second electrodes within the tubular housing.

19. The method of claim 17 wherein the first and second
electrodes comprise an outside electrode and an inside
electrode,

wherein the first and second electrodes extend in a lon-

gitudinal divection parallel to the longitudinal axis and
an inward-facing surface of the tubular housing, the
outside and inside electrodes being outside and inside
electrodes respectively in that the first and second
electrodes are positioned relative to each other so that
the outside electrode is closer to an outer wall of the
chamber than the inside electrode is and so that the
inside electrode is closer to the longitudinal axis at the
center of the tubular housing than the outside electrode
is,

wherein the outside electrode defines a cross-sectional

area between the outside electrode and the inward
Jacing surface of the tubular housing that is substan-
tially less than a cross-sectional arvea of the unob-
structed passageway.

20. The method of claim 13 wherein the first and second
electrodes are positioned away from a longitudinal center
axis of the tubular housing and maintain an unobstructed
passageway parallel to and including the center axis, the
passageway running for at least the length of the first and
second electrodes positioned within the housing;

)

JA33

OWT Ex. 2118
Tennant Company v. OWT
IPR2021-00625



Page 36

CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 36 of 1320

CASE 0:20-cv-00358-ECT-HB Document 9-2 Filed 05/08/20 Page 19 of 22

US RE47,092 E

13

wherein the first and second electrodes comprise an
outside electrode and an inside electrode;

wherein the first and second electrodes extend in a lon-
gitudinal divection parallel to the longitudinal axis and
an inward-facing surface of the tubular housing; 5

the outside and inside electrodes being outside and inside
electrodes respectively in that the first and second
electrodes are positioned relative to each other so that
the outside electrode is closer to an outer wall of the
chamber than the inside electrode is and so that the 10
inside electrode is closer to the longitudinal axis at the
center of the tubular housing than the outside electrode
is;

wherein the outside electrode defines a cross-sectional
area between the outside electrode and the inward
Jacing surface of the tubular housing that is substan-
tially less than a cross-sectional area of the unob-
structed passageway; and

wherein the tubular housing of the emitter is round.

21. The method of claim 19 wherein said inward-facing 20
surface is a concave surface.

22. The method of claim 13 further including at least one
conductor coupled to one of the first and second electrodes,
the at least one conductor exiting a wall of the housing in a
radial direction relative to the longitudinal axis of the 25
housing.

23. The method of claim 13 wherein the oxygen produced
comprises microbubbles.

24. The method of claim 13 wherein the power source
delivers a current to the electrodes at a ratio of 1.75 amps 30
or less per 3 square inches of active electrode.

25. The method of claim 13 wherein the first electrode
includes a first anode element and the second electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.

26. The method of claim 13 wherein the oxygen produced
comprises nanobubbles.

27. An emitter for electrolytic generation of bubbles of 40
oxygen in water, the emitter comprising:

a tubular housing defining an oxygenation chamber and
having a water inlet, a water outlet, a longitudinal
water flow axis from the inlet to the outlet, and an
inward-facing surface that runs parallel to the water 45
flow axis and defines at least in part the oxygenation
chamber;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside elec-
trodes being positioned in the oxygenation chamber, 50
said outside and inside electrodes extending in a direc-
tion that is parallel to the longitudinal axis, the outside
electrode opposing and separated from the inside elec-
trode by a distance of between 0.005 inches to 0.140
inches within the chamber, 55

wherein the position and size of each electrode within the
chamber defines a cross-section of the chamber that
has a water flow area within the oxygenation chamber
through which water may flow without passing between
electrodes of opposite polarity that are separated by a 60
distance of between 0.005 inches to 0.140 inches,
wherein the water flow area is greater than an area at
the cross-section equal to the total area between elec-
trodes of opposite polarity that are separated by a
distance of between 0.005 inches to 0.140 inches, 65

wherein at least a portion of the outside electrode posi-
tioned in the chamber is closer to the inward-facing
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surface of the oxygenation chamber than to a longitu-
dinal center axis of the oxygenation chamber; and

a power source in electrical communication with the

outside and inside electrodes, the power source con-
Sigured to deliver a voltage to the outside and inside
electrodes, the voltage being less than or equal to 28.3
volts, the power source being configured to deliver a
current to the outside and inside electrodes, the current
being less than or equal to 12.8 amps.

28. The emitter of claim 27 wherein each electrode is
positioned closer to the inward-facing surface of the cham-
ber than to the longitudinal center axis of the oxygenation
chamber.

29. The emitter of claim 27 wherein the outside and inside
electrodes are positioned away from the longitudinal center
axis of the tubular housing and maintain an unobstructed
passageway parallel to the center axis, the passageway
running longitudinally for at least the length of the outside
and inside electrodes positioned within the chamber.

30. The emitter of claim 29 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing inner and
outer electrodes within the chamber.

31. The emitter of claim 30 wherein the outside electrode
defines a cross-sectional area between the outside electrode
and the inward-facing surface of the chamber that is sub-
stantially less than a cross-sectional area of said unob-
structed passageway.

32. The emitter of claim 27 comprising at least one
conductor coupled to one of the outside and inside elec-
trodes, the at least one conductor exiting a wall of the
housing in a radial direction relative to the longitudinal
center axis of the housing.

33. The emitter of claim 27 wherein the power source is
configured to deliver a current to the electrodes at a ratio of
1.75 amps or less per 3 square inches of active electrode.

34. The emitter of claim 27 wherein the outer electrode
includes a first anode element and the inner electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.

35. A method for treating water comprising:

providing a flow-through oxygenator comprising an emit-

ter for electrolytic generation of bubbles of oxygen, the

emitter including:

a tubular housing defining an oxygenation chamber

and having a water inlet, and a water outlet;

at least two electrodes comprising a first electrode and
a second electrode, the first and second electrodes
being positioned in the oxygenation chamber, the
Sfirst electrode opposing and separated from the
second electrode by a distance of between 0.005
inches to 0.140 inches, a portion of at least one of the
first and second electrodes being in contact with at
least one wall of the tubular housing, said wall
defining at least in part the oxygenation chamber,
wherein each electrode is positioned within the oxy-
genation chamber so that a cross section of the
oxygenation chamber includes a water flow area that
allows water to avoid passing between electrodes
separated by 0.005 inches to 0.140 inches;
power source in electrical communication with the
first and second electrodes, the power source con-
Sigured to deliver a voltage to the first and second
electrodes, the voltage being less than or equal to
28.3 volts, the power source being configured to
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deliver a current to the first and second electrodes,
the current being less than or equal to 12.8 amps;
passing water through the tubular housing while electri-
cal current is applied to the first and second electrodes

to produce oxygen in said water via electrolysis.

36. The method of claim 35 wherein the tubular housing
has a longitudinal center axis and an inward-facing surface
that runs parallel to the longitudinal center axis; and

wherein each electrode of the emitter is positioned so that

substantially all points midway between all opposing
electrodes inside the chamber are closer to said
inwardly-facing surface than to the longitudinal center
axis.

37. The method of claim 35 wherein the chamber has a
longitudinal center axis and an inward-facing surface that
runs parallel to the longitudinal axis,

wherein the first and second electrodes extend in a direc-

tion that is parallel to the longitudinal axis.

38. The method of claim 37 wherein each electrode of the
emitter is positioned closer to the inward-facing surface of
the chamber than to the longitudinal center axis of the
oxygenation chamber.

39. The method of claim 35 wherein the at least one
electrode in contact with a wall of the tubular housing is in
contact with a curved wall of the tubular housing.

40. The method of claim 35 wherein the outside and inside
electrodes are positioned away from a longitudinal center
axis of the tubular housing and maintain an unobstructed
passageway parallel to the center axis, the passageway
running longitudinally for at least the length of the outside
and inside electrodes positioned within the chamber.

41. The method of claim 40 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing first and
second electrodes within the chamber.

42. The method of claim 40 wherein the chamber has an
inward-facing surface that runs parallel to the longitudinal
axis;

wherein the first and second electrodes being outside and

inside electrodes respectively in that the first and sec-
ond electrodes are positioned relative to each other so
that the outside electrode is closer to an outer wall of
the chamber than the inside electrode is and so that the
inside electrode is closer to the longitudinal axis at the
center of the tubular housing than the outside electrode
is; and

wherein the outside electrode defines a cross-sectional

area between the outside electrode and the inward
Jacing surface of the tubular housing that is substan-
tially less than a cross-sectional area of the unob-
structed passageway.

43. The method of claim 35 wherein the emitter includes
at least one conductor coupled to one of the first and second
electrodes, the at least one conductor exiting a wall of the
housing in a radial direction relative to a longitudinal axis
of the housing.

44. The method of claim 35 wherein the oxygen produced
comprises microbubbles.

45. The method of claim 35 wherein the power source
delivers a curvent to the electrodes at a ratio of 1.75 amps
or less per 3 square inches of active electrode.

46. The method of claim 35 wherein the first electrode
includes a first anode element and the second electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.
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47. The method of claim 35 wherein the oxygen produced
comprises nanobubbles.

48. A method for treating water comprising:

providing a flow-through oxygenator comprising an emit-

ter for electrolytic generation of bubbles of oxygen, the

emitter including:

a tubular housing defining an oxygenation chamber,
said housing having an inward-facing surface that
defines at least in part the oxygenation chamber, the
tubular housing having a water inlet, and a water
outlet;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside
electrodes being positioned in the oxygenation
chamber, said outside and inside electrodes extend-
ing in a direction that runs parallel to the inward-
Jacing surface, the outside and inside electrodes
being outside and inside electrodes respectively in
that the outside and inside electrodes are positioned
relative to each other so that the outside electrode is
closer to the inward-facing surface of the chamber
than the inside electrode is and so that the inside
electrode is closer to the longitudinal center axis
than the outside electrode is, the outside electrode
opposing and separated from the inside electrode by
a distance of between 0.005 inches to 0.140 inches
within the chamber;

wherein each electrode of the emitter is positioned
closer to the inward-facing surface of the chamber
than to a midpoint of the tubular housing and so that
at least some water may flow through an unob-
structed passageway from the water inlet to the
water outlet without passing through a space
between electrodes of opposite polarity separated by
a distance of between 0.005 inches to 0.140 inches;

passing water through the oxygenation chamber while

applying electrical current to the electrodes to produce
oxygen in said water via electrolysis.

49. The method of claim 48 wherein the tubular housing
defines a longitudinal center axis that lies in the oxygenation
chamber and wherein the unobstructed passageway includes
the longitudinal center axis.

50. The method of claim 48 wherein at least one of the
outside and inside electrodes is in contact with at least one
wall of the tubular housing, said wall defining at least in part
the oxygenation chamber.

51. The method of claim 50 wherein the at least one
electrode in contact with a wall of the tubular housing is in
contact with a curved wall of the tubular housing.

52. The method of claim 48 wherein the unobstructed
passageway is multiple times wider than the distance sepa-
rating the opposing inner and outer electrodes within the
chamber.

53. The method of claim 52 wherein the outside electrode
defines a cross-sectional area between the outside electrode
and the inward-facing surface of the chamber that is sub-
stantially less than a cross-sectional area of said unob-
structed passageway.

54. The method of claim 53 wherein said inward-facing
surface is a concave surface.

55. The method of claim 48 wherein the emitter includes
at least one conductor coupled to one of the outside and
inside electrodes, the at least one conductor exiting a wall
of the housing in a radial direction relative to a longitudinal
center axis of the housing.

56. The method of claim 48 wherein the oxygen produced
comprises microbubbles of oxygen.
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57. The method of claim 48 wherein the electrical current
is applied to the electrodes at a ratio of 1.75 amps or less per
3 square inches of active electrode.

58. The method of claim 48 wherein the outside electrode
includes a first anode element and the inside electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.

59. The method of claim 48 wherein the oxygen produced
comprises nanobubbles of oxygen.

60. An emitter for electrolytic generation of bubbles of
oxygen in water, the emitter comprising:

a tubular oxygenation chamber, said chamber having an
outer wall that runs parallel to a longitudinal center
axis of the chamber, said chamber having a water inlet
and a water outlet,

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside elec-
trodes being positioned in the oxygenation chamber, the
outside and inside electrodes being outside and inside
electrodes respectively in that the electrodes ave posi-
tioned relative to each other so that the outside elec-
trode is closer to the outer wall of the chamber than the
inside electrode is and so that the inside electrode is
closer to the longitudinal center axis than the outside
electrode is, the outside electrode opposing and sepa-
rated from the inside electrode by a distance of between
0.005 inches to 0.140 inches;

the at least two electrodes being positioned away from the
center axis and maintaining a longitudinal, unob-
structed passageway parallel to and including the
center axis that runs for at least the length of the at
least two electrodes positioned within the chamber, the
unobstructed passageway having a substantially uni-
Jform cross-sectional area along that length, the at least
two electrodes being positioned so that water may flow
from the water inlet to the water outlet without passing
through a space between electrodes of opposite polarity
separated by a distance of between 0.005 inches to
0.140 inches;

wherein the outside electrode defines a cross-sectional
area between the outside electrode and the outer wall
of the chamber that is substantially less than said
cross-sectional area of the unobstructed passageway.

61. The emitter of claim 60 wherein at least one of the
outside and inside electrodes is in contact with at least one
wall of the tubular oxygenation chamber.

62. The emitter of claim 61 wherein the at least one
electrode in contact with a wall of the tubular oxygenation
chamber is in contact with the outer wall, and wherein the
outer wall is a curved wall of the oxygenation chamber.

63. The emitter of claim 60 wherein the unobstructed
passageway is multiple times wider than the distance sepa-
rating the opposing outside and inside electrodes within the
chamber.

64. The emitter of claim 60 wherein said outer wall
includes an inwardly-facing concave surface.

65. The emitter of claim 60 comprising at least one
conductor coupled to one of the outside and inside elec-
trodes, the at least one conductor exiting a wall of the
chamber in a radial direction relative to the longitudinal
center axis of the chamber.

66. The emitter of claim 60 wherein the outside electrode
includes a first anode element and the inside electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
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anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.

67. A method for treating water comprising:

providing a flow-through oxygenator comprising an emit-

ter for electrolytic generation of bubbles of oxygen, the

emitter including:

a tubular housing defining an oxygenation chamber
and having a water inlet, a water outlet, a longitu-
dinal water flow axis from the inlet to the outlet, and
an inward-facing surface that runs parallel to the
water flow axis and defines at least in part the
oxygenation chamber;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside
electrodes being positioned in the oxygenation
chamber, said outside and inside electrodes extend-
ing in a direction that is parallel to the longitudinal
axis, the outside electrode opposing and separated
from the inside electrode by a distance of between
0.005 inches to 0.140 inches within the chamber,

wherein the position and size of each electrode within
the chamber defines a cross-section of the chamber
that has a water flow area within the oxygenation
chamber through which water may flow without
passing between electrodes of opposite polarity that
are separated by a distance of between 0.005 inches
to 0.140 inches, wherein the water flow area is
greater than an area at the cross-section equal to the
total area between electrodes of opposite polarity
that are separated by a distance of between 0.005
inches to 0.140 inches; and

a power source in electrical communication with the
outside and inside electrodes, the power source
configured to deliver a voltage to the outside and
inside electrodes, the voltage being less than or
equal to 28.3 volts, the power source being config-
ured to deliver a current to the outside and inside
electrodes, the current being less than or equal to
12.8 amps;

passing water through the oxygenation chamber while

electrical current is applied to the outside and inside

electrodes within the chamber to produce oxygen in
said water via electrolysis.

68. The method of claim 67 wherein each electrode of the
emitter is positioned closer to the inward-facing surface of
the chamber than to a longitudinal center axis of the
oxygenation chamber.

69. The method of claim 67 wherein the outside and inside
electrodes of the emitter is positioned away from a longitu-
dinal center axis of the tubular housing and maintain an
unobstructed passageway parallel to the longitudinal center
axis, the passageway running longitudinally for at least the
length of the outside and inside electrodes within the cham-
ber.

70. The method of claim 69 wherein the unobstructed
passageway includes the longitudinal center axis and is
multiple times wider than the distance separating the oppos-
ing inner and outer electrodes within the chamber.

71. The method of claim 70 wherein the outside electrode
defines a cross-sectional area between the outside electrode
and the inward-facing surface of the chamber that is sub-
stantially less than a cross-sectional area of said unob-
structed passageway.

72. The method of claim 67 wherein the emitter includes
at least one conductor coupled to one of the outside and
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inside electrodes, the at least one conductor exiting a wall
of the housing in a radial direction relative to a longitudinal
center axis of the housing.

73. The method of claim 67 wherein the oxygen produced
comprises nanobubbles.

74. The method of claim 67 wherein the power source
delivers a current to the outside and inside electrodes at a
ratio of 1.75 amps or less per 3 square inches of active
electrode.

20

unobstructed passageway having a substantially uni-
form cross-sectional area along that length, the at
least two electrodes of the emitter being positioned
so that water may flow from the water inlet to the
water outlet without passing through a space
between electrodes of opposite polarity separated by
a distance of between 0.005 inches to 0.140 inches;
wherein the outside electrode defines a cross-sectional
area between the outside electrode and the outer

75. The method of claim 67 wherein the outside electrode 10 wall of the chamber that is substantially less than
includes a first anode element and the inside electrode id cross-sectional f the unobstructed pas-
includes a first cathode element, and wherein the emitter said cross=sectionar ared ¢ s
includes a second anode element non-parallel to the first sageway; and . .
anode element, and wherein the emitter includes a second passing -waZer lhr.ough the oxygenation c‘hamber _Wh,lle
cathode element non-parallel to the first cathode element. 15 applying electrical current to the outside and inside

76. The method of claim 75 wherein the oxygen produced
comprises nanobubbles.
77. A method for treating water comprising:
providing a flow-through oxygenator comprising an emit-
ter for electrolytic generation of bubbles of oxygen, the
emitter including:

a tubular oxygenation chamber, said chamber having
an outer wall that runs parallel to a longitudinal
center axis of the chamber, said chamber having a
water inlet and a water outlet;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside
electrodes being positioned in the oxygenation
chamber, the outside and inside electrodes being
outside and inside electrodes respectively in that the
outside and inside electrodes are positioned relative
to each other so that the outside electrode is closer
to the outer wall of the chamber than the inside
electrode is and so that the inside electrode is closer
to the longitudinal center axis than the outside
electrode is, the outside electrode opposing and
separated from the inside electrode by a distance of
between 0.005 inches to 0.140 inches;

the at least two electrodes of the emitter being posi-
tioned away from the longitudinal center axis and
maintaining a longitudinal, unobstructed passage-
way parallel to and including the longitudinal center
axis that runs for at least the length of the at least
two electrodes positioned within the chamber, the
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electrodes to produce oxygen in said water via elec-
trolysis.

78. The method of claim 77 wherein at least one of the
outside and inside electrodes is in contact with at least one
wall of the tubular oxygenation chamber.

79. The method of claim 78 wherein the at least one
electrode in contact with a wall of the tubular oxygenation
chamber is in contact with the outer wall, and wherein the
outer wall is a curved wall of the oxygenation chamber.

80. The method of claim 77 wherein the unobstructed
passageway is multiple times wider than the distance sepa-
rating the opposing outside and inside electrodes within the
chamber.

81. The method of claim 77 wherein said outer wall
includes an inwardly-facing concave surface.

82. The method of claim 77 wherein the emitter includes
at least one conductor coupled to one of the outside and
inside electrodes, the at least one conductor exiting a wall
of the chamber in a radial direction relative to the longitu-
dinal center axis of the chamber.

83. The method of claim 77 wherein the outside electrode
includes a first anode element and the inside electrode
includes a first cathode element, and wherein the emitter
includes a second anode element non-parallel to the first
anode element, and wherein the emitter includes a second
cathode element non-parallel to the first cathode element.

84. The method of claim 83 wherein the oxygen produced
comprises nanobubbles of oxygen.
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FLOW-THROUGH OXYGENATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

More than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,670,495. This application a
continuation reissue application of application Ser. No.
13/247,241, filed Sep. 28, 2011, now U.S. Pat. No. RE45,
415, which is a reissue of U.S. Pat. No. 7,670,495. U.S. Pat.
No. 6,760,495 is a division of application Ser. No. 10/732,
326 filed Dec. 10, 2003, which in turn is a continuation-in-
part of application Ser. No. 10/372,017, filed Feb. 21, 2003,
now U.S. Pat. No. 6,689,262, which claims the benefit of
U.S. Provisional Application No. 60/358,534, filed Feb. 22,
2002, each of which is hereby fully incorporated herein by
reference.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content
of flowing water. This invention also relates to the use of
superoxygenated water to enhance the growth and yield of
plants. The flow-through model is useful for oxygenating
water for hydroponic plant culture, drip irrigation and waste
water treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxy-
gen content of aqueous media. Efforts have been made to
achieve higher saturated or supersaturated oxygen levels for
applications such as the improvement of water quality in
ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic
animals, biological culture and hydroponic culture. For
example, fish held in a limited environment such as an
aquarium, a bait bucket or a live hold tank may quickly use
up the dissolved oxygen in the course of normal respiration
and are then subject to hypoxic stress, which can lead to
death. A similar effect is seen in cell cultures, where the
respiring cells would benefit from higher oxygen content of
the medium. Organic pollutants from agricultural, municipal
and industrial facilities spread through the ground and
surface water and adversely affect life forms. Many pollut-
ants are toxic, carcinogenic or mutagenic. Decomposition of
these pollutants is facilitated by oxygen, both by direct
chemical detoxifying reactions or by stimulating the growth
of detoxifying microflora. Contaminated water is described
as having an increased biological oxygen demand (BOD)
and water treatment is aimed at decreasing the BOD so as to
make more oxygen available for fish and other life forms.

The most common method of increasing the oxygen
content of a medium is by sparging with air or oxygen.
While this is a simple method, the resulting large bubbles
produced simply break the surface and are discharged into
the atmosphere. Attempts have been made to reduce the size
of the bubbles in order to facilitate oxygen transfer by
increasing the total surface area of the oxygen bubbles. U.S.
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Pat. No. 5,534,143 discloses a microbubble generator that
achieves a bubble size of about 0.10 millimeters to about 3
millimeters in diameter. U.S. Pat. No. 6,394,429 (“the *429
patent”) discloses a device for producing microbubbles,
ranging in size from 0.1 to 100 microns in diameter, by
forcing air into the fluid at high pressure through a small
orifice.

When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or
pure oxygen may be used. The production of oxygen and
hydrogen by the electrolysis of water is well known. A
current is applied across an anode and a cathode which are
immersed in an aqueous medium. The current may be a
direct current from a battery or an AC/DC converter from a
line. Hydrogen gas is produced at the cathode and oxygen
gas is produced at the anode. The reactions are:

AT THE CATHODE:
AT THE ANODE:
NET REACTION:

41,0 + 4e” — 40H™ + 2H,
2H,0 — O, + 4H* + de~
61,0 — 40H" + 4H* ++ 2H, + O,

286 kilojoules of energy is required to generate one mole of
oxygen.

The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydro-
gen may be collected for various uses. The “electrolytic
water” surrounding the anode becomes acidic while the
electrolytic water surrounding the cathode becomes basic.
Therefore, the electrodes tend to foul or pit and have a
limited life in these corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from
the group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides
or metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
on a substrate. The cathode and anodes may be formed on
any convenient support in any desired shape or size. It is
possible to use the same materials or different materials for
both electrodes. The choice is determined according to the
uses. Platinum and iron alloys (“stainless steel”) are often
preferred materials due to their inherent resistance to the
corrosive electrolytic water. An especially preferred anode
disclosed in U.S. Pat. No. 4,252,856 comprises vacuum
deposited iridium oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detri-
mental to live animals. Many of the uses of oxygenators,
such as keeping bait or caught fish alive, would benefit from
portable devices that did not require a source of high power.
The need remains for quiet, portable, low voltage means to
oxygenate water.

It has also been known that plant roots are healthier when
oxygenated water is applied. It is thought that oxygen
inhibits the growth of deleterious fungi. The water sparged
with air as in the *429 patent was shown to increase the
biomass of hydroponically grown cucumbers and tomatoes
by about 15%.
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The need remains for oxygenator models suitable to be
placed in-line in water distribution devices so as to be
applied to field as well as hydroponic culture.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an
electrolytic cell which generates very small microbubbles
and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the
medium, resulting in a medium supersaturated with oxygen.

The electrodes may be a metal or oxide of at least one
metal selected from the group consisting of ruthenium,
iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten,
manganese, tantalum, molybdenum, lead, titanium, plati-
num, palladium and osmium or oxides thereof. The elec-
trodes may be formed into open grids or may be closed
surfaces. The most preferred cathode is a stainless steel
mesh. The most preferred mesh is a {fraction (“6)} inch
grid. The most preferred anode is platinum and iridium
oxide on a support. A preferred support is titanium.

In order to form microbubbles and nanobubbles, the
anode and cathode are separated by a critical distance. The
critical distance ranges from 0.005 inches to 0.140 inches.
The preferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those
models with low voltage requirements are especially suited
to oxygenating water in which animals are to be held.
Controls are provided to regulate the current and timing of
electrolysis.

A flow-through model is provided which may be con-
nected in-line to a watering hose or to a hydroponic circu-
lating system. The flow-through model can be formed into a
tube with triangular cross-section. In this model, the anode
is placed toward the outside of the tube and the cathode is
placed on the inside, contacting the water flow. Alterna-
tively, the anodes and cathodes may be in plates parallel to
the long axis of the tube, or may be plates in a wafer stack.
Alternately, the electrodes may be placed in a side tube (“T”
model) out of the direct flow of water. Protocols are pro-
vided to produce superoxygenated water at the desired flow
rate and at the desired power usage. Controls are inserted to
activate electrolysis when water is flowing and deactivate
electrolysis at rest.

This invention includes a method to promote growth and
increase yield of plants by application of superoxygenated
water. The water treated with the emitter of this invention is
one example of superoxygenated water. Plants may be
grown in hydroponic culture or in soil. The use of the
flow-through model for drip irrigation of crops and waste
water treatment is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O, emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.

FIG. 6 shows the yield of tomato plants watered with
superoxygenated water.
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FIG. 7 shows an oxygenation chamber suitable for flow-
through applications. FIG. 7A is a cross section showing
arrangement of three plate electrodes. FIG. 7B is a longitu-
dinal section showing the points of connection to the power
source.

FIG. 8 is a graph showing the oxygenation of waste water.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

For the purpose of describing the present invention, the
following terms have these meanings:

“Critical distance” means the distance separating the
anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

“Critical distance” means the distance separating the
anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

“O, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the
water an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular
temperature and pressure.

“Superoxygenated water” means water with an oxygen
content at least 120% of that calculated to be saturated at a

5 temperature.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, a medium that
can support the electrolysis of water. In general, the lower
limit of resistance for a medium that can support electrolysis
is water containing more than 2000 ppm total dissolved
solids.

The present invention produces microbubbles and
nanobubbles of oxygen via the electrolysis of water. As
molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small
to break the surface tension of the fluid. These bubbles
remain suspended indefinitely in the fluid and, when allowed
to build up, make the fluid opalescent or milky. Only after
several hours do the bubbles begin to coalesce on the sides
of the container and the water clears. During that time, the
water is supersaturated with oxygen. In contrast, the H,
formed readily coalesces into larger bubbles which are
discharged into the atmosphere, as can be seen by bubble
formation at the cathode.

The first objective of this invention was to make an
oxygen emitter with low power demands, low voltage and
low current for use with live animals. For that reason, a
small button emitter was devised. The anode and cathode
were set at varying distances. It was found that electrolysis
took place at very short distances before arcing of the current
occurred. Surprisingly, at slightly larger distances, the water
became milky and no bubbles formed at the anode, while
hydrogen continued to be bubbled off the cathode. At
distance of 0.140 inches between the anode and cathode, it
was observed that the oxygen formed bubbles at the anode.
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Therefore, the critical distance for microbubble and
nanobubble formation was determined to be between 0.005
inches and 0.140 inches.

EXAMPLE 1
Oxygen Emitter

As shown in FIG. 1, the oxygen evolving anode 1 selected
as the most efficient is an iridium oxide coated single sided
sheet of platinum on a support of titanium (Eltech, Fairport
Harbor, Ohio). The cathode 2 is a (fraction (Y1)} inch mesh
(size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 con-
taining a gap 4 for the passage of gas and mixing of anodic
and cathodic water and connected to a power source through
a connection point 5. FIG. 2 shows a plan view of the
assembled device. The O, emitter 6 with the anode connect-
ing wire 7 and the cathode connecting wire 8 is contained in

o

w

6

high contrast, backlit photograph of treated water with a
millimeter scale reference was shot of water produced by the
emitter of Example 1. About 125 bubbles were seen in the
area selected for measurement. Seven bubbles ranging from
the smallest clearly seen to the largest were measured. The
area was enlarged, giving a scale multiplier of 0.029412.
Recorded bubble diameters at scale were 0.16, 0.22, 0.35,
0.51, 0.76, 0.88 and 1.09 millimeters. The last three were
considered outliers by reverse analysis of variance and were
assumed to be hydrogen bubbles. When multiplied by the
scale multiplier, the assumed O, bubbles were found to
range from 4.7 to 15 microns in diameter. This test was
limited by the resolution of the camera and smaller bubbles
in the nanometer range could not be resolved. It is known
that white light cannot resolve features in the nanometer size
range, so monochromatic laser light may give resolution
sensitive enough to measure smaller bubbles. Efforts con-
tinue to increase the sensitivity of measurement so that
sub-micron diameter bubbles can be measured.

an enclosure 9, connected to the battery compartment 10. 20

The spacer thickness is critical as it sets the critical distance. EXAMPLE 3

It must be of sufficient thickness to prevent arcing of the

current, but thin enough to separate the electrodes by no Other Models of Oxygen Emitter

more than 0.140 inches. Above that thickness, the power

needs are higher and the oxygen bubbles formed at higher 25  Depending on the volume of fluid to be oxygenated, the

voltage will coalesce and escape the fluid. Preferably, the
spacer is from 0.005 to 0.075 inches thick. At the lower
limits, the emitter tends to foul more quickly. Most prefer-
ably, the spacer is about 0.050 inches thick. The spacer may
be any nonconductive material such as nylon, fiberglass,
Teflon®, polymer or other plastic. Because of the criticality
of the space distance, it is preferable to have a non-
compressible spacer. It was found that Buna, with a durom-
eter measure of 60 was not acceptable due to decomposition.
Viton, a common fluoroelastomer, has a durometer measure
of 90 and was found to hold its shape well.

In operation, a small device with an O, emitter 1.485
inches in diameter was driven by 4AA batteries. The critical
distance was held at 0.050 inches with a Viton spacer. Five
gallons of water became saturated in seven minutes. This
size is suitable for raising oxygen levels in an aquarium or
bait bucket.

It is convenient to attach a control circuit which comprises
a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water
is warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use
power most economically. FIG. 3 shows a block diagram of
a timer control with anode 1, cathode 2, thermistor tempera-
ture sensor 3, timer control circuit 4 and wire from a direct
current power source 5.

EXAMPLE 2
Measurement of O, Bubbles

Attempts were made to measure the diameter of the O,
bubbles emitted by the device of Example 1. In the case of
particles other than gasses, measurements can easily be
made by scanning electron microscopy, but gasses do not
survive electron microscopy. Large bubble may be measured
by pore exclusion, for example, which is also not feasible
when measuring a gas bubble. A black and white digital,
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oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in
a substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated
to the electrodes by the nonconductor spacer material of a
thickness from 0.005 to 0.075 inches, preferably 0.050
inches. It has been noticed that the flow of water seems to
be at the periphery of the emitter, while the evolved visible
bubbles (H,) arise at the center of the emitter. Therefore, a
funnel or pyramidal shaped emitter was constructed to treat
larger volumes of fluid. FIG. 4 is a cross sectional diagram
of such an emitter. The anode 1 is formed as an open grid
separated from a marine grade stainless steel screen cathode
2 by the critical distance by spacer 3 around the periphery of
the emitter and at the apex. This flow-through embodiment
is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating
a 10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to
oxygenate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate
and long lasting or conversely, to supersaturate water very
quickly at higher voltage and amperage. In the special
dimensions of the present invention, it has been found that
a 6 volt battery supplying a current as low as 40 milliam-
peres is sufficient to generate oxygen. Such a model is
especially useful with live plants or animals, while it is more
convenient for industrial use to use a higher voltage and
current. Table I shows a number of models suitable to
various uses.

TABLE I

Emitter Model Gallons Volts Amps Max. Ave  Watts

Bait keeper 5 6 0.090 0.060  0.36
Livewell 32 12 0.180 0.120 144
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TABLE I-continued

8

A. Superoxygenated Water in Hydroponic Culture.
Two small hydroponic systems were set up to grow two

Emitter Model  Gallons  Volts  Amps Max.  Ave  Watts tomato plants. Circulation protocols were identical except
OFEM 2 inch 10 12 0.210 0.120  1.44 that the 2 V% gallon water reservoir for the Control plant was
Bait store 70 12 0.180 0.180 216 5 eroated with and aquarium bubbler and that for the Test plant
Double cycle 2 12 0.180 0.180 2.16 - . " . .

OBM 3 inch o I 0.300 0265 348 was oxygt?nated Wltl} a five-inch strip emitter fo; two
OEM 4 inch 80 12 0.980 0410 4.92 minutes prior to pumping. The cycle was set at four minutes
Water pail 2 24 1.200 1.200 28.80 of pumping, followed by four minutes of rest. The control
Plate 250 12 5.000 2,500 30.00

EXAMPLE 4
Multilayer Sandwich O, Emitter

An O, emitter was made in a multilayer sandwich
embodiment. (FIG. 5) An iridium oxide coated platinum
anode 1 was formed into a grid to allow good water flow and
sandwiched between two stainless steel screen cathodes 2.
Spacing was held at the critical distance by nylon spacers 3.
The embodiment illustrated is held in a cassette 4 which is
secured by nylon bolt 5 with a nylon washer 6. The dimen-
sions selected were:

0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

for an overall emitter thickness of 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with
this sequence: cathode, spacer, anode, spacer, cathode,
spacer, anode, spacer, cathode, spacer, anode, spacer, cath-
ode. The number of layers in the sandwich is limited only by
the power requirements acceptable for an application.

EXAMPLE 5

Effect of Superoxygenated Water on the Growth of
Plants

It is known that oxygen is important for the growth of
plants. Although plants evolve oxygen during photosynthe-
sis, they also have a requirement for oxygen for respiration.
Oxygen is evolved in the leaves of the plants, while often the
roots are in a hypoxic environment without enough oxygen
to support optimum respiration, which can be reflected in
less than optimum growth and nutrient utilization. Hydro-
ponically grown plants are particularly susceptible to oxy-
gen deficit in the root system. U.S. Pat. No. 5,887,383
describes a liquid supply pump unit for hydroponic cultures
which attain oxygen enrichment by sparging with air. Such
a method has high energy requirements and is noisy. Fur-
thermore, while suitable for self-contained hydroponic cul-
ture, the apparatus is not usable for field irrigation. In a
report available on the web, it was shown that hydroponi-
cally grown cucumbers and tomatoes supplied with water
oxygenated with a device similar to that described in the
’429 patent had increased biomass of about 12% and 17%
respectively. It should be noted that when sparged with air,
the water may become saturated with oxygen, but it is
unlikely that the water is superoxygenated.
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water had an oxygen content of about 97% to 103% satu-
ration, that is, it was saturated with oxygen. The test water
had an oxygen content of about 153% to 165% saturation,
that is, it was supersaturated. The test plant was at least four
times the volume of the control plant and began to show
what looked like fertilizer burn. At that point the fertilizer
for the Test plant was reduced by half. Since the plants were
not exposed to natural light but to continuous artificial light
in an indoor environment without the natural means of
fertilization (wind and/or insects), the experiment was dis-
continued after three months. At that time, the Test plant but
not the Control plant had blossomed.

B. Superoxygenated Water in Field Culture.

A pilot study was designed to ascertain that plants outside
the hydroponic culture facility would benefit from the appli-
cation of oxygen. It was decided to use water treated with the
emitter of Example 1 as the oxygen carrier. Since water so
treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee “Big Boy”) were planted in one-
inch diameter peat and dirt plugs encased in cheese cloth and
placed in a tray in a southwest window. Controls were
watered once a day with tap water (“Control”) or oxygen-
ated water (“Test”). Both Controls and Test sprouted at one
week. After five weeks, the Test plants were an average of
11 inches tall while the Controls were an average of nine
inches tall. At this time, May 10, when the threat of frost in
Minnesota was minimal, the plants were transplanted to 13
inch diameter pots with drainage holes. Four inches of top
soil was added to each pot, topped off with four inches of
Scott’s Potting Soil. The pots were placed outside in a sunny
area with at least eight hours a day of full sun. The plants
were watered as needed with either plain tap water (Control)
or oxygenated water (Test). The oxygenated water was
produced by use of the emitter of Example 1 run for one-half
hour in a five-gallon container of water. Previous experi-
ments showed that water thus treated had an oxygen content
from 160% to 260% saturation. The Test plants flowered on
June 4, while the Controls did not flower until June 18. For
both groups, every plant in the group first had flowers on the
same day. All plants were fertilized on July 2 and a soaker
hose provided because the plants were now so big that
watering by hand was difficult. The soaker hose was run for
one half to one hour each morning, depending on the
weather, to a point at which the soil was saturated with
water. One half hour after the soaker hose was turned off,
about 750 ml of superoxygenated water was applied to each
of the Test plants.

The Test plants were bushier than the Controls although
the heights were similar. At this time, there were eight
Control plants and seven Test plants because one of the Test
plants broke in a storm. On July 2, the control plants
averaged about 17 primary branches from the vine stem,
while the control plants averaged about 13 primary branches
from the vine stem. As the tomatoes matured, each was
weighed on a kitchen scale at harvest. The yield history is
shown in Table II.

JA52

OWT Ex. 2118
Tennant Company v. OWT
IPR2021-00625

Page 54



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 55 of 1320

CASE 0:20-cv-00358-ECT-HB Document 9-3 Filed 05/08/20 Page 17 of 21

US RE47,665 E

TABLE 1II TABLE III
Control, grams Test, grams ACTIVE FLOW DO OF~
£ iaht f ELECTRODE CUR- RATE SAMPLE
tomatoes ror9 eight tomatoes ron.j seven AREA, VOLT- RENT, GAL/ AT ONE
Week of: plants/cumulative total plants/cumulative total 5 MODEL SQ. IN. AGE AMPS. MINUTE MINUTE
July 27 240 400 2-Inch “T~ 2 283 0.72 12 N/A
August 3 180 420 2910 3310 ;'“}C? TTb 23 33'3 5-15 i; Ij;/?
-plate Tube X . .
August 10 905 1325 1830 5140 3-Plate tube 30 283 12.8 12 9.6
August 17 410 1735 2590 7730 10
August 24 3300 5035 2470 10200 *As the apparatus runs longer, the flowing water becomes milky, indicating supersatura-
August 31 2150 9175 1580 11780 tion. The one-minute time point shows the rapid increase in oxygenation.
September 15 not weighed 3710 15490 The following plants will be tested for response to super-
Final Harvest 6435 15620 8895 24385

September 24

The total yield for the eight Control plants was 15620
grams or 1952 grams of tomatoes per plant.

The total yield for the seven Test plants was 24385 grams
or 3484 grams of tomatoes per plant, an increase in yield of
about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time.
Not only did the Test plants blossom and bear fruit earlier,
but that the Control plants never caught up to the test plants
in the short Minnesota growing season. It should be noted
that the experiment was terminated because of predicted
frost. All fruits, both green and red, were harvested and
weighed at that point.

EXAMPLE 6

Flow-Through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural
uses, an emitter than can oxygenate running water efficiently
was developed. In FIG. 7(A), the oxygenation chamber is
comprised of three anodes 1 and cathodes 2, of appropriate
size to fit inside a tube or hose and separated by the critical
distance are placed within a tube or hose 3 at 120° angles to
each other. The anodes and cathodes are positioned with
stabilizing hardware 4. The stabilizing hardware, which can
be any configuration such as a screw, rod or washer, is
preferably formed from stainless steel. FIG. 7(B) shows a
plan view of the oxygenation chamber with stabilizing
hardware 4 serving as a connector to the power source and
stabilizing hardware 5 serving as a connector to the power
source. The active area is shown at 6.

This invention is not limited to the design selected for this
embodiment. Those skilled in the art can readily fabricate
any of the emitters shown in FIG. 4 or 5, or can design other

[ )
=3

[ )

5

30

35

oxygenated water: grape vines, lettuce, and radishes in three
different climate zones. The operators for these facilities will
be supplied with units for drip irrigation. Drip irrigation is
a technique wherein water is pumped through a pipe or hose
with perforations at the site of each plant to be irrigated. The
conduit may be underground or above ground. Since the
water is applied directly to the plant rather than wetting the
entire field, this technique is especially useful in arid cli-
mates or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irri-
gation per the usual protocol for the respective plants.
Growth and yield will be compared to the same plants given
only the usual irrigation water. Pest control and fertilization
will be the same between test and control plants, except that
the operators of the experiments will be cautioned to be
aware of the possibility of fertilizer burn in the test plants
and to adjust their protocols accordingly.

It is expected that the superoxygenated plants with drip
irrigation will show more improved performance with more
continuous application of oxygen than did the tomato plants
of Example 5, which were given superoxygenated water
only once a day.

EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD,
due to the bacterial flora. It is desirable to raise the oxygen
content of the waste water in order to cause the flora to
flocculate. However, it is very difficult to effectively oxy-
genate such water. Using a 4 inch OEM (see Table I) with
a 12 volt battery, four liters of waste water in a five gallon
pail were oxygenated. As shown in FIG. 8, the dissolved
oxygen went from 0.5 mg/l to 10.8 mg/] in nine minutes.

Those skilled in the art will readily comprehend that
variations, modifications and additions may in the embodi-
ments described herein may be made. Therefore, such varia-
tions, modifications and additions are within the scope of the
appended claims.

The invention claimed is:

embodiments that will oxygenate flowing water. One useful 33 [lroi: dl?nc tl;ogol;(; r tgg‘];mhgo:aSt:ﬂ:ig?;;ﬁ‘?ﬁ;mi emit-

embodiment is the “T” model, wherein the emitter unit is set P & g 1 Ivii & Ve £ mi l}; bblg N

in a side arm. The emitted bubbles are swept into the water ter for electrolytic generation of microbubbles of oxy-

flow. The unit is detachable for easy servicing. Table III gen comprl}sll ndg an a(;lode separated ataclrlmcal (li1stance13
) ¢ © . L from a cathode and a power source all in electrica

shows several models of flow through emitters. The voltage communication with each other,

and flowrates were held constant and the current varied. The
Dissolved oxygen (DO) from the source was 7.1 mg/liter.
The starting temperature was 12.2° C. but the flowing water
cooled slightly to 11 or 11.5° C. Without undue experimen-
tation, anyone may easily select the embodiment that best
suits desired characteristics from Table IIT or designed with
the teachings of Table III.

placing the emitter within a conduit; and

passing waste water through the conduit.]

[2. An emitter for electrolytic generation of microbubbles
of oxygen in an aqueous medium comprising: an anode
separated at a critical distance from a cathode, a noncon-
ductive spacer maintaining the separation of the anode and
cathode, the nonconductive spacer having a spacer thickness
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between 0.005 to 0.050 inches such that the critical distance
is less than 0.060 inches and a power source all in electrical
communication with each other, wherein the critical distance
results in the formation of oxygen bubbles having a bubble
diameter less than 0.0006 inches, said oxygen bubbles being
incapable of breaking the surface tension of the aqueous
medium such that said aqueous medium is supersaturated
with oxygen.]

[3. The emitter of claim 2, wherein the anode is a metal
or a metallic oxide or a combination of a metal and a metallic
oxide.]

[4. The emitter of claim 2, wherein the anode is platinum
and iridium oxide on a support.]

[5. The emitter of claim 2, wherein the cathode is a metal
or metallic oxide or a combination of a metal and a metallic
oxide.]

[6. The emitter of claim 2, wherein the critical distance is
0.005 to 0.060 inches.]

[7. The emitter of claim 2, comprising a plurality of
anodes separated at the critical distance from a plurality of
cathodes.]

[8. A method for oxygenating a non-native habitat for
temporarily keeping aquatic animals, comprising:

inserting the emitter of claim 2 into the aqueous medium,
the non-native habitat comprising an aquarium, a bait
bucket or a live well ]

[9. A method for lowering the biologic oxygen demand of

polluted water comprising:

passing the polluted water through a vessel containing the
emitter of claim 2.]

[10. A supersaturated aqueous product formed with the
emitter of claim 2, the supersaturated aqueous product
having an approximately neutral pH.]

[11. The emitter of claim 2, further comprising a timer
control.]

[12. The emitter of claim 2, wherein the anode and
cathode are arranged such that the emitter assumes a funnel
or pyramidal shaped emitter.]

13. An emitter for electrolytic generation of bubbles of
oxygen in water, the emitter comprising:

a tubular housing having a water inlet, a water outlet, and

a longitudinal water flow axis from the inlet to the
outlet;

at least two electrodes comprising a first electrode and a
second electrode, the first and second electrodes being
positioned in the tubular housing, the first electrode
opposing and separated from the second electrode by a
distance of between 0.005 inches to 0.140 inches within
the tubular housing;

each electrode of the emitter is positioned so that all
points midway between all opposing electrodes are
closer to a surface of the tubular housing than to a
center point within the tubular housing and so that at
least some water may flow from the water inlet to the
water outlet without passing through a space between
electrodes of opposite polarity separated by a distance
of between 0.005 inches to 0.140 inches;

a power source in electrical communication with the
electrodes, the power source configured to deliver a
voltage to the electrodes, the voltage being less than or
equal to 28.3 volts, the power source being configured
to deliver a current to the electrodes, the current being
less than or equal to 12.8 amps;

the power source being operable to deliver electrical
current to the electrodes while water flows through the
tubular housing and is in contact with the electrodes to
produce oxygen in said water via electrolysis.
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14. The emitter of claim 13 wherein the tubular housing
includes an inward-facing surface that runs parallel to the
longitudinal axis;

wherein the electrodes extend in a direction that is par-

allel to the longitudinal axis; and

wherein at least one of the first and second electrodes is

positioned in the tubular housing closer to the inward-
Jacing surface than said distance separating the elec-
trodes.

15. The emitter of claim 13 wherein the tubular housing
includes an inward-facing surface that runs parallel to the
longitudinal axis;

wherein said electrodes extend in a direction parallel to

the longitudinal axis; and

wherein each electrode of the emitter is positioned closer

to the inward-facing surface than to the longitudinal
axis at the center of the tubular housing.

16. The emitter of claim 13 wherein at least one of the
electrodes is a stainless steel mesh or screen.

17. The emitter of claim 13 wherein the electrodes are
positioned away from a longitudinal center axis of the
tubular housing and maintain an unobstructed passageway
parallel to the center axis, the passageway running longi-
tudinally for at least the length of one of the electrodes
positioned within the tubular housing.

18. The emitter of claim 17 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing first and
second electrodes within the tubular housing.

19. The emitter of claim 17 wherein the first and second
electrodes comprise an outside electrode and an inside
electrode, wherein the first and second electrodes extend in
a longitudinal direction parallel to the longitudinal axis and
an inward-facing surface of the tubular housing, the outside
and inside electrodes being outside and inside electrodes
respectively in that the electrodes are positioned relative to
each other so that the outside electrode is closer to an outer
wall of the chamber than the inside electrode is and so that
the inside electrode is closer to the longitudinal axis at the
center of the tubular housing than the outside electrode is,
wherein the outside electrode defines a cross-sectional area
between the outside electrode and the inward facing surface
of the tubular housing that is less than a cross-sectional area
of the unobstructed passageway.

20. The emitter of claim 13 wherein the electrodes are
positioned away from a longitudinal center axis of the
tubular housing and maintain an unobstructed passageway
parallel to and including the center axis, the passageway
running for at least the length of one of the electrodes
positioned within the housing;

wherein the first and second electrodes comprise an

outside electrode and an inside electrode;

wherein the first and second electrodes extend in a lon-

gitudinal direction parallel to the longitudinal axis and
an inward-facing surface of the tubular housing;

the outside and inside electrodes being outside and inside

electrodes respectively in that the electrodes are posi-
tioned relative to each other so that the outside elec-
trode is closer to an outer wall of the chamber than the
inside electrode is and so that the inside electrode is
closer to the longitudinal axis at the center of the
tubular housing than the outside electrode is;
wherein the outside electrode defines a cross-sectional
area between the outside electrode and the inward
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Jacing surface of the tubular housing that is less than
a cross-sectional area of the unobstructed passageway;
and

wherein the tubular housing of the emitter is round.

21. The emitter of claim 19 wherein said inward-facing
surface is a concave surface.

22. The emitter of claim 13 further including first and
second conductors coupled to the first and second electrodes
respectively, the first conductor exiting a wall of the housing
in a radial direction relative to the longitudinal axis of the
housing, the second conductor exiting a wall of the housing
in a radial direction relative to the longitudinal axis of the
housing.

23. The emitter of claim 13 wherein the power source
delivers a current to the electrodes at a ratio of 1.75 amps
or less per 3 square inches of active electrode.

24. The emitter of claim 13 wherein the at least two
electrodes includes a first anode electrode portion that is
nonparallel to a second anode electrode portion, the first
and second anode electrode portions each being parallel to
respective opposing cathode electrode portions.

25. An emitter for electrolytic generation of bubbles of
oxygen in water, the emitter comprising:

a tubular housing defining an oxygenation chamber and
having a water inlet, a water outlet, a longitudinal
water flow axis from the inlet to the outlet, and an
inward-facing surface that vuns parallel to the water
flow axis and defines at least in part the oxygenation
chamber;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside elec-
trodes being positioned in the oxygenation chamber
and extending in a direction that is parallel to the
longitudinal axis, the outside electrode opposing and
separated from the inside electrode by a distance of
between 0.005 inches to 0.140 inches within the cham-
ber, wherein the position and size of each electrode
within the chamber defines a cross-section of the cham-
ber that has a water flow area within the oxygenation
chamber through which water may flow without pass-
ing between electrodes of opposite polarity that are
separated by a distance of between 0.005 inches to
0.140 inches, wherein the water flow area is greater
than an area at the cross-section equal to the total area
between electrodes of opposite polarity that are sepa-
rated by a distance of between 0.005 inches to 0.140
inches, wherein at least a portion of the outside elec-
trode positioned in the chamber is closer to the inward-
Jacing surface of the oxygenation chamber than said
distance separating the inside electrode from the out-
side electrode; and
power source in electrical communication with the
electrodes, the power source configured to deliver a
voltage to the electrodes, the voltage being less than or
equal to 28.3 volts, the power source being configured
to deliver a current to the electrodes, the current being
less than or equal to 12.8 amps;

the power source being operable to deliver electrical
current to the electrodes while water flows through the
chamber of the tubular housing and is in contact with
the electrodes to produce oxygen in said water via
electrolysis.

26. The emitter of claim 25 wherein each electrode of the
emitter is positioned closer to the inward-facing surface of
the chamber than to a longitudinal center axis of the
oxygenation chamber.
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27. The emitter of claim 25 wherein the electrodes are
positioned away from a longitudinal center axis of the
tubular housing and maintain an unobstructed passageway
parallel to the center axis, the passageway running longi-
tudinally for at least the length of one of the electrodes
positioned within the chamber.

28. The emitter of claim 27 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing inner and
outer electrodes within the chamber.

29. The emitter of claim 28 wherein the outside electrode
defines a cross-sectional area between the outside electrode
and the inward-facing surface of the chamber that is less
than a cross-sectional area of said unobstructed passage-
way.

30. The emitter of claim 25 further including first and
second conductors coupled to the outside and inside elec-
trodes respectively, the first conductor exiting a wall of the
housing in a radial direction relative to a longitudinal center
axis of the housing, the second conductor exiting a wall of
the housing in a radial divection relative to a longitudinal
center axis of the housing.

31. The emitter of claim 25 wherein the oxygen produced
comprises nanobubbles.

32. The emitter of claim 25 wherein the power source
delivers a current to the electrodes at a ratio of 1.75 amps
or less per 3 square inches of active electrode.

33. The emitter of claim 25 wherein the at least two
electrodes includes a first anode electrode portion that is
nonparallel to a second anode electrode portion, the first
and second anode electrode portions each being parallel to
respective opposing cathode electrode portions.

34. An emitter for electrolytic generation of bubbles of
oxygen in water, the emitter comprising:

a tubular housing defining an oxygenation chamber and

having a water inlet, and a water outlet;

at least two electrodes comprising a first electrode and a
second electrode, the first and second electrodes being
positioned in the oxygenation chamber, the first elec-
trode opposing and separated from the second elec-
trode by a distance of between 0.005 inches to 0.140
inches, a portion of at least one of the first and second
electrodes being in contact with at least one wall of the
tubular housing, said wall defining at least in part the
oxygenation chamber, said portion being a portion that
opposes the other of the first and second electrodes,
wherein each electrode is positioned within the oxy-
genation chamber so that a cross section of the oxy-
genation chamber includes a water flow area that
allows water to avoid passing between electrodes sepa-
rated by 0.005 inches to 0.140 inches;

a power source in electrical communication with the
electrodes, the power source configured to deliver a
voltage to the electrodes, the voltage being less than or
equal to 28.3 volts, the power source being configured
to deliver a current to the electrodes, the current being
less than or equal to 12.8 amps;

the power source being operable to deliver electrical
current to the electrodes while water flows through the
tubular housing and is in contact with the electrodes to
produce oxygen in said water via electrolysis.

35. The emitter of claim 34 wherein the tubular housing
has a longitudinal center axis and an inward-facing surface
that runs parallel to the longitudinal center axis; and

wherein each electrode of the emitter is positioned so that
all points midway between all opposing electrodes
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inside the chamber are closer to said inwardly-facing
surface than to the longitudinal center axis.

36. The emitter of claim 34 wherein the chamber has a
longitudinal center axis and an inward-facing surface that
runs parallel to the longitudinal axis, wherein the electrodes
extend in a direction that is parallel to the longitudinal axis,
and wherein at least one of the first and second electrodes
is positioned in the chamber closer to the inward-facing
surface than said distance separating the electrodes.

37. The emitter of claim 36 wherein each electrode of the
emitter is positioned closer to the inward-facing surface of
the chamber than to the longitudinal center axis of the
oxygenation chamber.

38. The emitter of claim 34 wherein the electrode in
contact with a wall of the tubular housing is in contact with
a curved wall of the tubular housing.

39. The emitter of claim 34 wherein the electrodes are
positioned away from a longitudinal center axis of the
tubular housing and maintain an unobstructed passageway
parallel to the center axis, the passageway running longi-
tudinally for at least the length of one of the electrodes
positioned within the chamber.

40. The emitter of claim 39 wherein the unobstructed
passageway includes the center axis and is multiple times
wider than the distance separating the opposing first and
second electrodes within the chamber.

41. The emitter of claim 39 wherein the chamber has an
inward-facing surface that runs parallel to the longitudinal
axis;

wherein the first and second electrodes being outside and
inside electrodes respectively in that the electrodes are
positioned relative to each other so that the outside
electrode is closer to an outer wall of the chamber than
the inside electrode is and so that the inside electrode
is closer to the longitudinal axis at the center of the
tubular housing than the outside electrode is; and

wherein the outside electrode defines a cross-sectional
area between the outside electrode and the inward
Jacing surface of the tubular housing that is less than
a cross-sectional area of the unobstructed passageway.

42. The emitter of claim 34 further including first and
second conductors coupled to the first and second electrodes
respectively, the first conductor exiting a wall of the housing
in a radial direction relative to a longitudinal axis of the
housing, the second conductor exiting a wall of the housing
in a radial direction relative to the longitudinal axis of the
housing.

43. The emitter of claim 34 wherein the power source
delivers a current to the electrodes at a ratio of 1.75 amps
or less per 3 square inches of active electrode.

44. The emitter of claim 34 wherein the at least two
electrodes includes a first anode electrode portion that is
nonparallel to a second anode electrode portion, the first
and second anode electrode portions each being parallel to
respective opposing cathode electrode portions.

45. An emitter for electrolytic generation of bubbles of
oxygen in an aqueous medium comprising:

a tubular housing defining an oxygenation chamber, and
having an inward-facing surface that defines at least in
part the oxygenation chamber, a water inlet, and a
water outlet;

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside elec-
trodes being positioned in the oxygenation chamber
and extending in a direction that runs parallel to the
inward-facing surface, the outside and inside elec-
trodes being outside and inside electrodes respectively
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in that the electrodes are positioned relative to each
other so that the outside electrode is closer to the
inward-facing surface of the chamber than the inside
electrode is and so that the inside electrode is closer to
the longitudinal center axis than the outside electrode
is, the outside electrode opposing and separated from
the inside electrode by a distance of between 0.005
inches to 0.140 inches within the chamber;

wherein each electrode of the emitter is positioned closer
to the inward-facing surface of the chamber than to a
midpoint of the tubular housing and so that at least
some water may flow through an unobstructed passage-
way from the water inlet to the water outlet without
passing through a space between electrodes of opposite
polarity separated by a distance of between 0.005
inches to 0.140 inches.

46. The emitter of claim 45 wherein at least one of the
inside and outside electrodes is positioned in the chamber
closer to the inward-facing surface than said distance sepa-
rating the electrodes, and wherein the tubular housing
defines a longitudinal center axis that lies in the oxygenation
chamber and wherein the unobstructed passageway includes
the longitudinal center.

47. The emitter of claim 45 wherein at least one of the
outside and inside electrodes is in contact with at least one
wall of the tubular housing, said wall defining at least in part
the oxygenation chamber.

48. The emitter of claim 47 wherein the electrode in
contact with a wall of the tubular housing is in contact with
a curved wall of the tubular housing.

49. The emitter of claim 45 wherein the unobstructed
passageway is multiple times wider than the distance sepa-
rating the opposing inner and outer electrodes within the
chamber.

50. The emitter of claim 49 wherein the outside electrode
defines a cross-sectional area between the outside electrode
and the inward-facing surface of the chamber that is less
than a cross-sectional area of said unobstructed passage-
way.

51. The emitter of claim 50 wherein said inward-facing
surface is a concave surface.

52. The emitter of claim 45 further including first and
second conductors coupled to the outside and inside elec-
trodes respectively, the first conductor exiting a wall of the
housing in a radial direction relative to a longitudinal center
axis of the housing, the second conductor exiting a wall of
the housing in a radial direction relative to the longitudinal
center axis of the housing.

53. The emitter of claim 45 coupled to a power source
wherein the power source delivers a current to the electrodes
at a ratio of 1.75 amps or less per 3 square inches of active
electrode.

54. The emitter of claim 45 wherein the at least two
electrodes includes a first anode electrode portion that is
nonparallel to a second anode electrode portion, the first
and second anode electrode portions each being parallel to
respective opposing cathode electrode portions.

55. An emitter for electrolytic generation of bubbles of
oxygen in an aqueous medium comprising:

a tubular housing defining an oxygenation chamber, said
housing having an outer wall that runs parallel to a
longitudinal center axis of the housing, said housing
having a water inlet and a water outlet,

at least two electrodes comprising an outside electrode
and an inside electrode, the outside and inside elec-
trodes being positioned in the oxygenation chamber, the
outside and inside electrodes being outside and inside
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electrodes respectively in that the electrodes are posi-
tioned relative to each other so that the outside elec-
trode is closer to the outer wall of the chamber than the
inside electrode is and so that the inside electrode is
closer to the longitudinal center axis than the outside
electrode is, the outside electrode opposing and sepa-
rated from the inside electrode by a distance of between
0.005 inches to 0.140 inches;

the electrodes being positioned away from the center axis
and maintaining a longitudinal, unobstructed passage-
way parallel to and including the center axis that runs
Jor at least the length of one of the electrodes posi-
tioned within the chamber, the unobstructed passage-
way having a uniform cross-sectional area along that
length, the electrodes being positioned so that water
may flow from the water inlet to the water outlet
without passing through a space between electrodes of
opposite polarity separated by a distance of between
0.005 inches to 0.140 inches;

wherein the outside electrode defines a cross-sectional
area between the outside electrode and the outer wall
of the chamber that is less than said cross-sectional
area of the unobstructed passageway.

56. The emitter of claim 55 wherein at least one of the
outside and inside electrodes is in contact with at least one
wall of the tubular housing, said wall defining at least in part
the oxygenation chamber.

w
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57. The emitter of claim 56 wherein the electrode in
contact with a wall of the tubular housing is in contact with
the outer wall which is a curved wall of the tubular housing.

58. The emitter of claim 55 wherein the unobstructed
passageway is multiple times wider than the distance sepa-
rating the opposing outside and inside electrodes within the
chamber.

59. The emitter of claim 55 wherein said outer wall
includes an inwardly-facing concave surface.

60. The emitter of claim 55 further including first and
second conductors coupled to the outside and inside elec-
trodes respectively, the first conductor exiting a wall of the
housing in a radial divection relative to the longitudinal
center axis of the housing, the second conductor exiting a
wall of the housing in a radial direction relative to the
longitudinal center axis of the housing.

61. The emitter of claim 55 wherein the at least two
electrodes includes a first anode electrode portion that is
nonparallel to a second anode electrode portion, the first
and second anode electrode portions each being parallel to
respective opposing cathode electrode portions.
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MICROBUBBLES OF OXYGEN

RELATED APPLICATIONS

This application claim the priority of U.S. Provisional
Patent Application No. 60/358,534, filed Feb. 22, 2002.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content
of aqueous media.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxy-
gen content of aqueous media. Efforts have been made to
achieve higher saturated or supersaturated oxygen levels for
applications such as the improvement of water quality in
ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic
animals, biological culture and hydroponic culture. For
example, fish held in a limited environment such as an
aquarium, a bait bucket or a live hold tank may quickly use
up the dissolved oxygen in the course of normal respiration
and are then subject to hypoxic stress, which can lead to
death. A similar effect is seen in cell cultures, where the
respiring cells would benefit from higher oxygen content of
the medium. Organic pollutants from agricultural, municipal
and industrial facilities spread through the ground and
surface water and adversely affect life forms. Many pollut-
ants are toxic, carcinogenic or mutagenic. Decomposition of
these pollutants is facilitated by oxygen, both by direct
chemical detoxifying reactions or by stimulating the growth
of detoxifying microflora. Contaminated water is described
as having an increased biological oxygen demand (BOD)
and water treatment is aimed at decreasing the BOD so as to
make more oxygen available for fish and other life forms.

The most common method of increasing the oxygen
content of a medium is by sparging with air or oxygen.
‘While this is a simple method, the resulting large bubbles
produced simply break the surface and are discharged into
the atmosphere. Attempts have been made to reduce the size
of the bubbles in order to facilitate oxygen transfer by
increasing the total surface area of the oxygen bubbles. U.S.
Pat. No. 5,534,143 discloses a microbubble generator that
achieves a bubble size of about 0.10 millimeters to about 3
millimeters in diameter. U.S. Pat. No. 6,394,429 discloses a
device for producing microbubbles, ranging in size from 0.1
to 100 microns in diameter, by forcing air into the fluid at
high pressure through a small orifice.

‘When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or
pure oxygen may be used. The production of oxygen and
hydrogen by the electrolysis of water is well known. A
current is applied across an anode and a cathode which are
immersed in an aqueous medium. The current may be a
direct current from a battery or an AC/DC converter from a
line. Hydrogen gas is produced at the cathode and oxygen
gas is produced at the anode. The reactions are:

AT THE CATHODE:
AT THE ANODE:
NET REACTION:

4H,0+4e” —40H +2H,
2H,0 >0, +4H +4¢
6 H,0 —>4OH +4H"+2H,+0,

286 kilojoules of energy is required to generate one mole of
oxygen.

—
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The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydro-
gen may be collected for various uses. The “electrolytic
water” surrounding the anode becomes acidic while the
electrolytic water surrounding the cathode becomes basic.
Therefore, the electrodes tend to foul or pit and have a
limited life in these corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from
the group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides
or metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
on a substrate. The cathode and anodes may be formed on
any convenient support in any desired shape or size. It is
possible to use the same materials or different materials for
both electrodes. The choice is determined according to the
uses. Platinum and iron alloys (“stainless steel”) are often
preferred materials due to their inherent resistance to the
corrosive electrolytic water. An especially preferred anode
disclosed in U.S. Pat. No. 4,252,856 comprises vacuum
deposited iridium oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detri-
mental to live animals. Many of the uses of oxygenators,
such as keeping bait or caught fish alive, would benefit from
portable devices that did not require a source of high power.
The need remains for quiet, portable, low voltage means to
oxygenate water.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an
electrolytic cell which generates very small microbubbles
and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the
medium, resulting in a medium supersaturated with oxygen.

The electrodes may be a metal or oxide of at least one
metal selected from the group consisting of ruthenium,
iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten,
manganese, tantalum, molybdenum, lead, titanium,
platinum, palladium and osmium or oxides thereof. The
electrodes may be formed into open grids or may be closed
surfaces. The most preferred cathode is a stainless steel
mesh. The most preferred mesh is a %is inch grid. The most
preferred anode is platinum and iridium oxide on a support.
A preferred support is titanium.

In order to form microbubbles and nanobubbles, the
anode and cathode are separated by a critical distance. The
critical distance ranges from 0.005 inches to 0.140 inches.
The preferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those
models with low voltage requirements are especially suited
to oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of
electrolysis.
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DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O, emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.

DETAILED DESCRIPTION OF THE
INVENTION
Definitions:

For the purpose of describing the present invention, the
following terms have these meanings:

“Critical distance” means the distance separating the
anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

“0, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the
water an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular
temperature and pressure.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, a medium that
can support the electrolysis of water. In general, the lower
limit of resistance for a medium that can support electrolysis
is water containing more than 2000 ppm total dissolved
solids.

The present invention produces microbubbles and

nanobubbles of oxygen via the electrolysis of water. As 3

molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small
to break the surface tension of the fluid. These bubbles
remain suspended indefinitely in the fluid and, when allowed
to build up, make the fluid opalescent or milky. Only after
several hours do the bubbles begin to coalesce on the sides
of the container and the water clears. During that time, the
water is supersaturated with oxygen. In contrast, the H,
formed readily coalesces into larger bubbles which are
discharged into the atmosphere, as can be seen by bubble
formation at the cathode.

The first objective of this invention was to make an
oxygen emitter with low power demands, low voltage and
low current for use with live animals. For that reason, a
small button emitter was devised. The anode and cathode
were set at varying distances. It was found that electrolysis
took place at very short distances before arcing of the current
occurred. Surprisingly, at slightly larger distances, the water
became milky and no bubbles formed at the anode, while
hydrogen continued to be bubbled off the cathode. At
distance of 0.140 inches between the anode and cathode, it
was observed that the oxygen formed bubbles at the anode.
Therefore, the critical distance for microbubble and
nanobubble formation was determined to be between 0.005
inches and 0.140 inches.

EXAMPLE 1
Oxygen Emitter

As shown in FIG. 1, the oxygen evolving anode 1 selected
as the most efficient is an iridium oxide coated single sided
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sheet of platinum on a support of titanium (Eltech, Fairport
Harbor, Ohio). The cathode 2 is a %is inch mesh marine
stainless steel screen. The anode and cathode are separated
by a non-conducting spacer 3 containing a gap 4 for the
passage of gas and mixing of anodic and cathodic water and
connected to a power source through a connection point 5.
FIG. 2 shows a plan view of the assembled device. The O,
emitter 6 with the anode connecting wire 7 and the cathode
connecting wire 8 is contained in an enclosure 9, connected
to the battery compartment 10. The spacer thickness is
critical as it sets the critical distance. It must be of sufficient
thickness to prevent arcing of the current, but thin enough to
separate the electrodes by no more than 0.140 inches. Above
that thickness, the power needs are higher and the oxygen
bubbles formed at higher voltage will coalesce and escape
the fluid. Preferably, the spacer is from 0.005 to 0.075 inches
thick. At the lower limits, the emitter tends to foul more
quickly. Most preferably, the spacer is about 0.050 inches
thick. The spacer may be any nonconductive material such
as nylon, fiberglass, Teflon® polymer or other plastic.
Because of the criticality of the space distance, it is prefer-
able to have a non-compressible spacer. It was found that
Buna, with a durometer measure of 60 was not acceptable
due to decomposition. Viton, a common fluoroelastomer, has
a durometer measure of 90 and was found to hold its shape
well.

In operation, a small device with an O, emitter 1.485
inches in diameter was driven by 4AA batteries. The critical
distance was held at 0.050 inches with a Viton spacer. Five
gallons of water became saturated in seven minutes. This
size is suitable for raising oxygen levels in an aquarium or
bait bucket.

It is convenient to attach a control circuit which comprises
a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water
is warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use
power most economically. FIG. 3 shows a block diagram of
a timer control with anode 1, cathode 2, thermistor tempera-
ture sensor 3, timer control circuit 4 and wire from a direct
current power source 5.

EXAMPLE 2

Measurement of O, Bubbles

Attempts were made to measure the diameter of the O,
bubbles emitted by the device of Example 1. In the case of
particles other than gasses, measurements can easily be
made by scanning electron microscopy, but gasses do not
survive electron microscopy. Large bubble may be measured
by pore exclusion, for example, which is also not feasible
when measuring a gas bubble. A black and white digital,
high contrast, backlit photograph of treated water with a
millimeter scale reference was shot of water produced by the
emitter of Example 1. About 125 bubbles were seen in the
area selected for measurement. Seven bubbles ranging from
the smallest clearly seen to the largest were measured. The
area was enlarged, giving a scale multiplier of 0.029412.

Recorded bubble diameters at scale were 0.16, 0.22, 0.35,
0.51, 0.76, 0.88 and 1.09 millimeters. The last three were
considered outlines by reverse analysis of variance and were
assumed to be hydrogen bubbles. When multiplied by the
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scale multiplier, the assumed O, bubbles were found to
range from 4.7 to 15 microns in diameter. This test was
limited by the resolution of the camera and smaller bubbles
in the nanometer range could not be resolved. It is known
that white light cannot resolve features in the nanometer size
range, so monochromatic laser light may give resolution
sensitive enough to measure smaller bubbles. Efforts con-
tinue to increase the sensitivity of measurement so that
sub-micron diameter bubbles can be measured.

EXAMPLE 3
Other Models of Oxygen Emitter

Depending on the volume of fluid to be oxygenated, the
oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in
a substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated
to the electrodes by the nonconductor spacer material of a
thickness from 0.005 to 0.075 inches, preferably 0.050
inches. It has been noticed that the flow of water seems to
be at the periphery of the emitter, while the evolved visible
bubbles (H,) arise at the center of the emitter. Therefore, a
funnel or pyramidal shaped emitter was constructed to treat
larger volumes of fluid. FIG. 4 is a cross sectional diagram
of such an emitter. The anode 1 is formed as an open grid
separated from a marine grade stainless steel screen cathode
2 by the critical distance by spacer 3 around the periphery of
the emitter and at the apex. This flow-through embodiment
is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating
a 10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to
oxygenate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate
and long lasting or conversely, to supersaturate water very
quickly at higher voltage and amperage. In the special
dimensions of the present invention, it has been found that
a 6 volt battery supplying a current as low as 40 milliam-
peres is sufficient to generate oxygen. Such a model is
especially useful with live plants or animals, while it is more
convenient for industrial use to use a higher voltage and
current. Table I shows a number of models suitable to
various uses.

TABLE I
Emitter Model Gallons Volts Amps Max. Ave Watts
Bait keeper S 6 0.090 0.060 0.36
Livewell 32 12 0.180 0.120 1.44
OEM 2 inch 10 12 0.210 0.120 1.44
Bait store 70 12 0.180 0.180 2.16
Double cycle 2 12 0.180 0.180 2.16
OEM 3 inch 50 12 0.500 0.265 3.48
OEM 4 inch 80 12 0.980 0.410 4.92
Water pail 2 24 1.200 1.200 28.80
Plate 250 12 5.000 2.500 30.00
EXAMPLE 4

Multilayer Sandwich O, Emitter

An O, emitter was made in a multilayer sandwich
embodiment. (FIG. 5) An iridium oxide coated platinum
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anode 1 was formed into a grid to allow good water flow and
sandwiched between two stainless steel screen cathodes 2.
Spacing was held at the critical distance by nylon spacers 3.
The embodiment illustrated is held in a cassette 4 which is
secured by nylon bolt 5 with a nylon washer 6. The dimen-
sions selected were:

0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

for an overall emitter thickness of 0.231 inches.

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with
this sequence: cathode, spacer, anode, spacer, cathode,
spacer, anode, spacer, cathode, spacer, anode, spacer, cath-
ode. The number of layers in the sandwich is limited only by
the power requirements acceptable for an application.

Those skilled in the art will readily comprehend that
variations, modifications and additions may in the embodi-
ments described herein may be made. Therefore, such
variations, modifications and additions are within the scope
of the appended claims.

I claim:

1. An emitter for electrolytic generation of microbubbles
of oxygen comprising an anode separated at a critical
distance from a cathode and a power source all in electrical
communication with each other.

2. The emitter of claim 1 wherein the anode is a metal or
a metallic oxide or a combination of a metal and a metallic
oxide.

3. The emitter of claim 1 wherein the anode is platinum
and iridium oxide on a support.

4. The emitter of claim 1 wherein the cathode is a metal
or metallic oxide or a combination of a metal and a metallic
oxide.

5. The critical distance of claim 1 which is 0.005 to 0.140
inches.

6. The critical distance of claim 1 which is 0.045 to 0.060
inches.

7. A method for lowering the biologic oxygen demand of
polluted water comprising passing the polluted water
through a vessel containing the emitter of claim 1.

8. The product of claim 1 wherein the water is supersatu-
rated with oxygen and of an approximately neutral pH.

9. An emitter for electrolytic generation of microbubbles
of oxygen comprising a plurality of anodes separated at a
critical distance from a plurality of cathodes and a power
source all in electrical communication with each other.

10. A method for keeping aquatic animals emitter alive
comprising inserting the emitter of claim 1 or claim 9 into
the aquatic medium of the aquatic animals.

11. The method of claim 8 wherein the aquatic animal is
a fish.

12. The method of claim 8 wherein the aquatic animal is
a shrimp.

13. An emitter for electrolytic generation of microbubbles
of oxygen comprising a platinum-iridium oxide anode on a
titanium support separated at a critical distance of from
0.045 inches to 0.060 inches from a stainless steel screen Yie
inch thick cathode all in electrical communication with a
battery.

14. The emitter of claims 1, 9 or 13 further comprising a
timer control.
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FLOW-THROUGH OXYGENATOR

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 10/372,017, filed on Feb. 21, 2003, now
U.S. Pat. No. 6,689,262, issued Feb. 10, 2004, which claims
priority to U.S. Provisional Patent Application No. 60/358,
534, filed Feb. 22, 2002.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content of
flowing water. This invention also relates to the use of super-
oxygenated water to enhance the growth and yield of plants.
The flow-through model is useful for oxygenating water for
hydroponic plant culture, drip irrigation and waste water
treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxygen
content of aqueous media. Efforts have been made to achieve
higher saturated or supersaturated oxygen levels for applica-
tions such as the improvement of water quality in ponds,
lakes, marshes and reservoirs, the detoxification of contami-
nated water, culture of fish, shrimp and other aquatic animals,
biological culture and hydroponic culture. For example, fish
held in a limited environment such as an aquarium, a bait
bucket or a live hold tank may quickly use up the dissolved
oxygen in the course of normal respiration and are then sub-
jectto hypoxic stress, which can lead to death. A similar effect
is seen in cell cultures, where the respiring cells would benefit
from higher oxygen content of the medium. Organic pollut-
ants from agricultural, municipal and industrial facilities
spread through the ground and surface water and adversely
affect life forms. Many pollutants are toxic, carcinogenic or
mutagenic. Decomposition of these pollutants is facilitated
by oxygen, both by direct chemical detoxifying reactions or
by stimulating the growth of detoxifying microflora. Con-
taminated water is described as having an increased biologi-
cal oxygen demand (BOD) and water treatment is aimed at
decreasing the BOD so as to make more oxygen available for
fish and other life forms.

The most common method of increasing the oxygen con-
tent of a medium is by sparging with air or oxygen. While this
is a simple method, the resulting large bubbles produced
simply break the surface and are discharged into the atmo-
sphere. Attempts have been made to reduce the size of the
bubbles in order to facilitate oxygen transfer by increasing the
total surface area of the oxygen bubbles. U.S. Pat. No. 5,534,
143 discloses a microbubble generator that achieves a bubble
size of about 0.10 millimeters to about 3 millimeters in diam-
eter. U.S. Pat. No. 6,394,429 (“the *429 patent”) discloses a
device for producing microbubbles, ranging in size from 0.1
to 100 microns in diameter, by forcing air into the fluid at high
pressure through a small orifice.

When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or pure
oxygen may be used. The production of oxygen and hydrogen
by the electrolysis of water is well known. A current is applied
across an anode and a cathode which are immersed in an
aqueous medium. The current may be a direct current from a
battery or an AC/DC converter from a line. Hydrogen gas is
produced at the cathode and oxygen gas is produced at the
anode. The reactions are:
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AT THE CATHODE:
AT THE ANODE:
NET REACTION:

41,0 +4 &~ — 40H™ + 2H,
25,0 — O, + 4H" + de™
6H,0 — 40H™ + 4H* + 2H, + O,

286 kilojoules of energy is required to generate one mole of
oxygen.

The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydrogen
may be collected for various uses. The “electrolytic water”
surrounding the anode becomes acidic while the electrolytic
water surrounding the cathode becomes basic. Therefore, the
electrodes tend to foul or pit and have a limited life in these
corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from the
group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides or
metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
onasubstrate. The cathode and anodes may be formed on any
convenient support in any desired shape or size. It is possible
to use the same materials or different materials for both elec-
trodes. The choice is determined according to the uses. Plati-
num and iron alloys (“stainless steel”) are often preferred
materials due to their inherent resistance to the corrosive
electrolytic water. An especially preferred anode disclosed in
U.S. Pat. No. 4,252,856 comprises vacuum deposited iridium
oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detrimen-
tal to live animals. Many of the uses of oxygenators, such as
keeping bait or caught fish alive, would benefit from portable
devices that did not require a source of high power. The need
remains for quiet, portable, low voltage means to oxygenate
water.

It has also been known that plant roots are healthier when
oxygenated water is applied. It is thought that oxygen inhibits
the growth of deleterious fungi. The water sparged with air as
in the ’429 patent was shown to increase the biomass of
hydroponically grown cucumbers and tomatoes by about
15%.

The need remains for oxygenator models suitable to be
placed in-line in water distribution devices so as to be applied
to field as well as hydroponic culture.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an
electrolytic cell which generates very small microbubbles
and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the
medium, resulting in a medium supersaturated with oxygen.

The electrodes may be a metal or oxide of at least one metal
selected from the group consisting of ruthenium, iridium,
nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese,
tantalum, molybdenum, lead, titanium, platinum, palladium

JATT

OWT Ex. 2118
Tennant Company v. OWT
IPR2021-00625

Page 79



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 80 of 1320

US 7,396,441 B2

3

and osmium or oxides thereof. The electrodes may be formed
into open grids or may be closed surfaces. The most preferred
cathode is a stainless steel mesh. The most preferred mesh is
a Vie inch grid. The most preferred anode is platinum and
iridium oxide on a support. A preferred support is titanium.

In order to form microbubbles and nanobubbles, the anode
and cathode are separated by a critical distance. The critical
distance ranges from 0.005 inches to 0.140 inches. The pre-
ferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those mod-
els with low voltage requirements are especially suited to
oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of
electrolysis.

A flow-through model is provided which may be connected
in-line to a watering hose or to a hydroponic circulating
system. The flow-through model can be formed into a tube
with triangular cross-section. In this model, the anode is
placed toward the outside ofthe tube and the cathode is placed
on the inside, contacting the water flow. Alternatively, the
anodes and cathodes may be in plates parallel to the long axis
of the tube, or may be plates in a wafer stack. Alternately, the
electrodes may be placed in a side tube (“T”” model) out of the
direct flow of water. Protocols are provided to produce super-
oxygenated water at the desired flow rate and at the desired
power usage. Controls are inserted to activate electrolysis
when water is flowing and deactivate electrolysis at rest.

This invention includes a method to promote growth and
increase yield of plants by application of superoxygenated
water. The water treated with the emitter of this invention is
one example of superoxygenated water. Plants may be grown
in hydroponic culture or in soil. The use of the flow-through
model for drip irrigation of crops and waste water treatment is
disclosed.

DESCRIPTION OF THE DRAWINGS

FIG. 1A is a plan view of an O, emitter of the invention.

FIG. 1B is a section view of the O, emitter of FIG. 1A taken
at line 1B-1B of FIG. 1A.

FIG. 2A isaplan view of an assembled O, emitting device.

FIG. 2B is a perspective view of the assembled O2 emitting
device of FIG. 2A.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.
FIG. 6 shows the yield of tomato plants watered with
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“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“O, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the water
an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular tem-
perature and pressure.

“Superoxygenated water” means water with an oxygen
content at least 120% of that calculated to be saturated at a
temperature.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, a medium that can
support the electrolysis of water. In general, the lower limit of
resistance for a medium that can support electrolysis is water
containing more than 2000 ppm total dissolved solids.

The present invention produces microbubbles and
nanobubbles of oxygen via the electrolysis of water. As
molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small to
break the surface tension of the fluid. These bubbles remain
suspended indefinitely in the fluid and, when allowed to build

5 up, make the fluid opalescent or milky. Only after several

hours do the bubbles begin to coalesce on the sides of the
container and the water clears. During that time, the water is
supersaturated with oxygen. In contrast, the H, formed
readily coalesces into larger bubbles which are discharged
into the atmosphere, as can be seen by bubble formation at the
cathode.

The first objective of this invention was to make an oxygen
emitter with low power demands, low voltage and low current
for use with live animals. For that reason, a small button
emitter was devised. The anode and cathode were set at vary-
ing distances. It was found that electrolysis took place at very
short distances before arcing of the current occurred. Surpris-
ingly, at slightly larger distances, the water became milky and
no bubbles formed at the anode, while hydrogen continued to
be bubbled off the cathode. At distance of 0.140 inches
between the anode and cathode, it was observed that the
oxygen formed bubbles at the anode. Therefore, the critical
distance for microbubble and nanobubble formation was
determined to be between 0.005 inches and 0.140 inches.

superoxygenated water. 55
FIG. 7A is a cross section showing arrangement of three EXAMPLE 1
plate electrodes.
FIG. 7B is a longitudinal section showing the points of Oxygen Emitter
connection to the power source.
FIG. 8 is a graph showing the oxygenation of waste water. 60  As shownin FIGS. 1A, 1B, 2A and 2B, the oxygen evolv-

DETAILED DESCRIPTION OF THE INVENTION

Definitions:

For the purpose of describing the present invention, the
following terms have these meanings:

65

ing anode 1 selected as the most efficient is an iridium oxide
coated single sided sheet of platinum on a support of titanium
(Eltech, Fairport Harbor, Ohio). The cathode 2 is a {fraction
(¥16)} inch mesh (size 8 mesh) marine stainless steel screen.
The anode and cathode are separated by a non-conducting
spacer 3 containing a gap 4 for the passage of gas and mixing
ofanodic and cathodic water and connected to a power source
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through a connection point 5. FIG. 2A shows a plan view of
the assembled device. The O.sub.2 emitter 6 with the anode
connecting wire 7 and the cathode connecting wire 8 is con-
tained in an enclosure 9, connected to the battery compart-
ment 10. The spacer thickness is critical as it sets the critical
distance. It must be of sufficient thickness to prevent arcing of
the current, but thin enough to separate the electrodes by no
more than 0.140 inches. Above that thickness, the power
needs are higher and the oxygen bubbles formed at higher
voltage will coalesce and escape the fluid. Preferably, the
spacer is from 0.005 t0 0.075 inches thick. At the lower limits,
the emitter tends to foul more quickly. Most preferably, the
spacer is about 0.050 inches thick. The spacer may be any
nonconductive material such as nylon, fiberglass, Teflon-
RTM. polymer or other plastic. Because of the criticality of
the space distance, it is preferable to have a non-compressible
spacer. It was found that Buna, with a durometer measure of
60 was not acceptable due to decomposition. Viton, a com-
mon fluoroelastomer, has a durometer measure of 90 and was
found to hold its shape well.

Inoperation, a small device withan O, emitter 1.485 inches
in diameter was driven by 4A A batteries. The critical distance
was held at 0.050 inches with a Viton spacer. Five gallons of
water became saturated in seven minutes. This size is suitable
for raising oxygen levels in an aquarium or bait bucket.

It is convenient to attach a control circuit which comprises
a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water is
warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use power
most economically. FIG. 3 shows a block diagram of a timer
control with anode 1, cathode 2, thermistor temperature sen-
sor 3, timer control circuit 4 and wire from a direct current
power source 5.

EXAMPLE 2
Measurement of O, Bubbles

Attempts were made to measure the diameter of the O,

S
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increase the sensitivity of measurement so that sub-micron
diameter bubbles can be measured.

EXAMPLE 3
Other Models of Oxygen Emitter

Depending on the volume of fluid to be oxygenated, the
oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in a
substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated to
the electrodes by the nonconductor spacer material of a thick-
ness from 0.005 to 0.075 inches, preferably 0.050 inches. It
has been noticed that the flow of water seems to be at the
periphery of the emitter, while the evolved visible bubbles
(H,) arise at the center of the emitter. Therefore, a funnel or
pyramidal shaped emitter was constructed to treat larger vol-
umes of fluid. FIG. 4 is a cross sectional diagram of such an
emitter. The anode 1 is formed as an open grid separated from
a marine grade stainless steel screen cathode 2 by the critical
distance by spacer 3 around the periphery of the emitter and at
the apex. This flow-through embodiment is suitable for treat-
ing large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating a
10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to oxy-
genate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate and
long lasting or conversely, to supersaturate water very quickly
at higher voltage and amperage. In the special dimensions of
the present invention, it has been found that a 6 volt battery
supplying a current as low as 40 milliamperes is sufficient to
generate oxygen. Such a model is especially useful with live
plants or animals, while it is more convenient for industrial
use to use a higher voltage and current. Table I shows a
number of models suitable to various uses.

TABLE I

bubbles emitted by the device of Example 1. In }he case of 45 priverModel  Gallons  Vols  AmpsMax.  Ave  Watts
particles other than gasses, measurements can easily be made - -
by scanning electron microscopy, but gasses do not survive ~ Bait keeper 5 6 0.090 0.060  0.36
lect i Large bubble may be measured by pore Livewell 32 12 0.180 0.120 Laa
electron microscopy. Large bub y > Y P OEM 2 inch 10 12 0.210 0120 144
exclusion, for example, which is also not feasible when mea- Bait store 70 12 0.180 0.180 2.16
suring a gas bubble. A black and white digital, high contrast, 50 Double cycle 2 12 0.180 0.180  2.16
backlit photograph of treated water with a millimeter scale =~ OEM 3 inch 50 12 0.500 0265 3.48
ference was shot of water produced by the emitter of OEM 4 inch 80 L2 0980 o410 4.92
re p oy Water pail 2 24 1.200 1200 28.80
Example 1. About 125 bubbles were seen in the area selected Plate 250 12 5.000 2500 30.00
for measurement. Seven bubbles ranging from the smallest
clearly seen to the largest were measured. The area was 55
enlarged, giving a scale multiplier of 0.029412. EXAMPLE 4
Recorded bubble diameters at scale were 0.16, 0.22, 0.35,
0.51, 0.76, 0.88 and 1.09 millimeters. The last three were Multilayer Sandwich O, Emitter
considered outliers by reverse analysis of variance and were
assumed to be hydrogen bubbles. When multiplied by the 60  An O, emitter was made in a multilayer sandwich embodi-

scale multiplier, the assumed O, bubbles were found to range
from 4.7 to 15 microns in diameter. This test was limited by
the resolution of the camera and smaller bubbles in the
nanometer range could not be resolved. It is known that white
light cannot resolve features in the nanometer size range, so
monochromatic laser light may give resolution sensitive
enough to measure smaller bubbles. Efforts continue to

ment. (FIG. 5) An iridium oxide coated platinum anode 1 was
formed into a grid to allow good water flow and sandwiched
between two stainless steel screen cathodes 2. Spacing was
held at the critical distance by nylon spacers 3. The embodi-
ment illustrated is held in a cassette 4 which is secured by
nylon bolt 5 with a nylon washer 6. The dimensions selected
were:
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0.045 inches thick

0.053 inches thick

0.035 inches thick

0.053 inches thick

0.045 inches thick,

for an overall emitter thickness
0f 0.231 inches.

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with this
sequence: cathode, spacer, anode, spacer, cathode, spacer,
anode, spacer, cathode, spacer, anode, spacer, cathode. The
number of layers in the sandwich is limited only by the power
requirements acceptable for an application.

EXAMPLE 5

Effect of Superoxygenated Water on the Growth of
Plants

It is known that oxygen is important for the growth of
plants. Although plants evolve oxygen during photosynthe-
sis, they also have a requirement for oxygen for respiration.
Oxygen is evolved in the leaves of the plants, while often the
roots are in a hypoxic environment without enough oxygen to
support optimum respiration, which can be reflected in less
than optimum growth and nutrient utilization. Hydroponi-
cally grown plants are particularly susceptible to oxygen
deficit in the root system. U.S. Pat. No. 5,887,383 describes a
liquid supply pump unit for hydroponic cultures which attain
oxygen enrichment by sparging with air. Such a method has
high energy requirements and is noisy. Furthermore, while
suitable for self-contained hydroponic culture, the apparatus
is not usable for field irrigation. In a report available on the
web, it was shown that hydroponically grown cucumbers and
tomatoes supplied with water oxygenated with a device simi-
lar to that described in the *429 patent had increased biomass

20

8

cation of oxygen. It was decided to use water treated with the
emitter of Example 1 as the oxygen carrier. Since water so
treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee “Big Boy”) were planted in one-
inch diameter peat and dirt plugs encased in cheese cloth and
placed in a tray in a southwest window. Controls were
watered once a day with tap water (“Control”) or oxygenated
water (“Test”). Both Controls and Test sprouted at one week.
After five weeks, the Test plants were an average of 11 inches
tall while the Controls were an average of nine inches tall. At
this time, May 10, when the threat of frost in Minnesota was
minimal, the plants were transplanted to 13 inch diameter
pots with drainage holes. Four inches of top soil was added to
each pot, topped off with four inches of Scott’s Potting Soil.
The pots were placed outside in a sunny area with at least
eight hours a day of full sun. The plants were watered as
needed with either plain tap water (Control) or oxygenated
water (Test). The oxygenated water was produced by use of
the emitter of Example 1 run for one-halfhour in a five-gallon
container of water. Previous experiments showed that water
thus treated had an oxygen content from 160% to 260%
saturation. The Test plants flowered on June 4, while the
Controls did not flower until June 18. For both groups, every
plant in the group first had flowers on the same day. All plants
were fertilized on July 2 and a soaker hose provided because
the plants were now so big that watering by hand was difficult.
The soaker hose was run for one half to one hour each morn-
ing, depending on the weather, to a point at which the soil was
saturated with water. One half hour after the soaker hose was
turned off, about 750 ml of superoxygenated water was
applied to each of the Test plants.

The Test plants were bushier than the Controls although the
heights were similar. At this time, there were eight Control
plants and seven Test plants because one of the Test plants

5 broke in a storm. On July 2, the control plants averaged about

17 primary branches from the vine stem, while the control
plants averaged about 13 primary branches from the vine
stem. As the tomatoes matured, each was weighed on a
kitchen scale at harvest. The yield history is shown in Table II.

40
of about 12% and 17% respectively. It should be noted that - )
L . TABLE 11
when sparged with air, the water may become saturated with
oxygen, but it is unlikely that the water is superoxygenated. Control, grams Test, grams
. . tomatoes from tomatoes from
A. Superoxygenated Water in Hydroponic Culture. a5 eight plants/ seven plants/
Two small hydroponic systems were set up to grow two Week of: cumulative total cumulative total
tomato plants. Circulation protocols were identical except Taly 27 240 100
that the 21./2 gallon water reservoir for the Control plant was August 3 180 420 2910 1310
eroated with and aquarium bubbler and that for the Test plant August 10 905 1325 1830 5140
was oxygenated with a five-inch strip emitter for two minutes August 17 410 1735 2590 7730
rior to pumping. The cycle was set at four minutes of pump- >° August 24 3300 3035 2470 10200
p pumping. A pump August 31 4150 9175 1580 11780
ing, followed by four minutes of rest. The control water had September 15 not weighed 3710 15490
an oxygen content of about 97% to 103% saturation, that is, it Final Harvest 6435 15620 8895 24385
was saturated with oxygen. The test water had an oxygen September 24
content of about 153% to 165% saturation, that is, it was o

supersaturated. The test plant was at least four times the
volume of the control plant and began to show what looked
like fertilizer burn. At that point the fertilizer for the Test plant
was reduced by half. Since the plants were not exposed to
natural light but to continuous artificial light in an indoor
environment without the natural means of fertilization (wind
and/or insects), the experiment was discontinued after three
months. At that time, the Test plant but not the Control plant
had blossomed.

B. Superoxygenated Water in Field Culture.
A pilot study was designed to ascertain that plants outside
the hydroponic culture facility would benefit from the appli-

65

The total yield for the eight Control plants was 15620
grams or 1952 grams of tomatoes per plant.

Thetotal yield for the seven Test plants was 24385 grams or
3484 grams of tomatoes per plant, an increase in yield of
about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time.
Not only did the Test plants blossom and bear fruit earlier, but
that the Control plants never caught up to the test plants in the
short Minnesota growing season. It should be noted that the
experiment was terminated because of predicted frost. All
fruits, both green and red, were harvested and weighed at that
point.
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EXAMPLE 6

Flow-through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural
uses, an emitter than can oxygenate running water efficiently
was developed. In FIG. 7(A), the oxygenation chamber is
comprised of three anodes 1 and cathodes 2, of appropriate
size to fit inside a tube or hose and separated by the critical
distance are placed within a tube or hose 3 at 120° angles to
each other. The anodes and cathodes are positioned with
stabilizing hardware 4. The stabilizing hardware, which can
be any configuration such as a screw, rod or washer, is pref-
erably formed from stainless steel. FIG. 7(B) shows a plan
view of the oxygenation chamber with stabilizing hardware 4
serving as a connector to the power source and stabilizing
hardware 5 serving as a connector to the power source. The
active area is shown at 6.

This invention is not limited to the design selected for this
embodiment. Those skilled in the art can readily fabricate any
of the emitters shown in FIG. 4 or 5, or can design other
embodiments that will oxygenate flowing water. One useful
embodiment is the “T” model, wherein the emitter unit is set
in a side arm. The emitted bubbles are swept into the water

o

v
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continuous application of oxygen than did the tomato plants
of Example 5, which were given superoxygenated water only
once a day.

EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD,
due to the bacterial flora. It is desirable to raise the oxygen
content of the waste water in order to cause the flora to
flocculate. However, it is very difficult to effectively oxygen-
ate such water. Using a4 inch OEM (see Table I) witha 12 volt
battery, four liters of waste water in a five gallon pail were
oxygenated. As shown in FIG. 8, the dissolved oxygen went
from 0.5 mg/1 to 10.8 mg/1 in nine minutes.

Those skilled in the art will readily comprehend that varia-
tions, modifications and additions may in the embodiments
described herein may be made. Therefore, such variations,
modifications and additions are within the scope of the
appended claims.

I claim:

1. A flow through oxygenator comprising:

a fluid conduit having a fiuid inlet and a fluid outlet fluidly

flow. The unit is detachable for easy servicing. Table ITI shows 25 connected Wm{ a conduit lumen; ) .
several models of flow through emitters. The voltage and an oxygen emitter for electrolytic generation of
flowrates were held constant and the current varied. The Dis- HHCIObUbbl'eS Of. oxygen from an aqueous medium, the
solved oxygen (DO) from the source was 7.1 mg/liter. The oXygen emitter 1nclgdmg three matched sets of anodes
starting temperature was 12.2° C. but the flowing water and cathodes wherein the matched sets of anodes and
cooled slightly to 11 or 11.5° C. Without undue experimen- 30 cathodes are mounted to stabilizing hardware such that
tation, anyone may easily select the embodiment that best the oxygen emitter is positioned within the conduit
. . . e . . A 1 o
suits desired characteristics from Table III or designed with 1u1}10ﬂ and each matched set resides ata 120° angle to the
the teachings of Table III. adjacent matched sets; and o '
a power source in electrical communication with the oxy-
TABLE IIT 35 gen emitter.
2. The flow through oxygenator of claim 1, wherein each
ACTIVE FLOW DO OF* anode is a metal or a metallic oxide or a combination of a
ELECTRODE CUR- RATE  SAMPLE metal and a metallic oxide and each cathode is a metal or
AREA, VOLT- RENT, GAL/ AT ONE . . A -
MODEL SQ.IN. AGE  AMPS MINUTE MINUTE metallic oxide or a combination of a metal and a metallic
40 oxide.
Z-inch *T” 2 283 07 12 N/A 3. The flow through oxygenator of claim 1, wherein the
3-inch “T” 3 28.3 175 12 N/A AP
2-plate Tube 20 253 o1 2 8.4 anode and cathode within each matched set are separated by
3-Plate tube 30 283 128 12 96 a spacer such to maintain a gap of 0.005 to 0.140 inches

*As the apparatus runs longer, the flowing water becomes milky, indicating
supersaturation. The one-minute time point shows the rapid increase in oxy-
genation.

The following plants will be tested for response to super-
oxygenated water: grape vines, lettuce, and radishes in three
different climate zones. The operators for these facilities will
be supplied with units for drip irrigation. Drip irrigation is a
technique wherein water is pumped through a pipe or hose
with perforations at the site of each plant to be irrigated. The
conduit may be underground or above ground. Since the
water is applied directly to the plant rather than wetting the
entire field, this technique is especially useful in and climates
or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irriga-
tion per the usual protocol for the respective plants. Growth
and yield will be compared to the same plants given only the
usual irrigation water. Pest control and fertilization will be the
same between test and control plants, except that the opera-
tors of the experiments will be cautioned to be aware of the
possibility of fertilizer burn in the test plants and to adjust
their protocols accordingly.

It is expected that the superoxygenated plants with drip
irrigation will show more improved performance with more

=N
=]
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between the anode and cathode.

4. The flow through oxygenator of claim 3, wherein the gap
is 0.045 to 0.060 inches.

5. The flow though oxygenator of claim 1 wherein each
anode is platinum and iridium oxide on a support and each
cathode is a metal or metallic oxide or a combination of a
metal and a metallic oxide.

6. The flow though oxygenator of claim 1, wherein the
power source is electrically connected to the stabilizing hard-
ware for powering the plurality of matched sets of anodes and
cathodes.

7. The flow through oxygenator of claim 1, wherein the
plurality of matched sets of anodes and cathodes are attached
to the stabilizing hardware with the anodes proximate a con-
duit wall and the cathodes proximate a conduit center.

8. The flow through oxygenator of claim 1, wherein the
plurality of matched sets of anodes and cathodes define plates
positioned parallel to a flow axis of the conduit lumen.

9. The flow through oxygenator of claim 1, wherein each
cathode comprises a mesh screen.

10. The flow through oxygenator of claim 1, further com-
prising:

a controller selectively operating the power source, such

that the power source supplies power to the plurality of
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matched sets of anodes and cathodes when the aqueous
medium is flowing through the conduit lumen and with-
holds power when the aqueous medium is not flowing
through the conduit lumen.

11. The flow through oxygenator of claim 1, wherein the 5
oxygen emitter is sized to generate oxygen sufficient to form
a supersaturated aqueous medium.

12. The flow through oxygenator of claim 1, wherein the
aqueous medium is water.

13. The flow through oxygenator of claim 12, wherein the
oxygen emitter is sized to generate oxygen sufficient to form
superoxygenated water.

14. The flow through oxygenator of claim 1, wherein the
fluid conduit is a watering hose.

15. The flow through oxygenator of claim 1, wherein the
fluid conduit is a hydroponic circulating system.

JA82
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16. A flow through oxygenator comprising:

a watering hose having a hose lumen; and

an oxygen emitter operably mounted within the hose
lumen, the oxygen emitter including three matched sets
of anodes and cathodes mounted to stabilizing hardware
such that each matched set resides at a 120° angle to the
adjacent matched sets.

17. A flow though oxygenator comprising:

a hydroponic circulating system having a circulating
lumen; and

an oxygen emitter operably mounted within the circulating
lumen, the oxygen emitter including three matched sets
of anodes and cathodes mounted to stabilizing hardware
such that each matched set resides at a 120° angle to the
adjacent matched sets.
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FLOW-THROUGH OXYGENATOR

RELATED APPLICATIONS

This application is a division of application Ser. No.
10/732,326 filed Dec. 10, 2003, which in turn is a continua-

2

battery or an AC/DC converter from a line. Hydrogen gas is
produced at the cathode and oxygen gas is produced at the
anode. The reactions are:

tion-in-part of application Ser. No. 10/372,017, filed Feb. 21, 'zg ?gg ig’gHD%]:)E: ;g;g iii :) 44}(12%7 I;Hz
2003, now U.S. Pat. No. 6,689,262, which claims the benefit NET REACTION: 6H,0 — 40H"™ + 4H" ++ 2H, + O,

of U.S. Provisional Application No. 60/358,534, filed Feb.
22,2002, each of which is hereby fully incorporated herein by
reference.

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of
microbubbles of oxygen for increasing the oxygen content of
flowing water. This invention also relates to the use of super-
oxygenated water to enhance the growth and yield of plants.
The flow-through model is useful for oxygenating water for
hydroponic plant culture, drip irrigation and waste water
{reatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxygen
content of aqueous media. Efforts have been made to achieve
higher saturated or supersaturated oxygen levels for applica-
tions such as the improvement of water quality in ponds,
lakes, marshes and reservoirs, the detoxification of contami-
nated water, culture of fish, shrimp and other aquatic animals,
biological culture and hydroponic culture. For example, fish
held in a limited environment such as an aquarium, a bait
bucket or a live hold tank may quickly use up the dissolved
oxygen in the course of normal respiration and are then sub-
jectto hypoxic stress, which can lead to death. A similar effect
is seen in cell cultures, where the respiring cells would benefit
from higher oxygen content of the medium. Organic pollut-
ants from agricultural, municipal and industrial facilities
spread through the ground and surface water and adversely
affect life forms. Many pollutants are toxic, carcinogenic or
mutagenic. Decomposition of these pollutants is facilitated
by oxygen, both by direct chemical detoxifying reactions or
by stimulating the growth of detoxifying microflora. Con-
taminated water is described as having an increased biologi-
cal oxygen demand (BOD) and water treatment is aimed at
decreasing the BOD so as to make more oxygen available for
fish and other life forms.

The most common method of increasing the oxygen con-
tent of a medium is by sparging with air or oxygen. While this
is a simple method, the resulting large bubbles produced
simply break the surface and are discharged into the atmo-
sphere. Attempts have been made to reduce the size of the
bubbles in order to facilitate oxygen transfer by increasing the
total surface area of the oxygen bubbles. U.S. Pat. No. 5,534,
143 discloses a microbubble generator that achieves a bubble
size of about 0.10 millimeters to about 3 millimeters in diam-
eter. U.S. Pat. No. 6,394,429 (“the *429 patent”) discloses a
device for producing microbubbles, ranging in size from 0.1
to 100 microns in diameter, by forcing air into the fluid at high
pressure through a small orifice.

‘When the object of generating bubbles is to oxygenate the
water, either air, with an oxygen content of about 21%, or pure
oxygen may be used. The production of oxygen and hydrogen
by the electrolysis of water is well known. A current is applied
across an anode and a cathode which are immersed in an
aqueous medium. The current may be a direct current from a
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286 kilojoules of energy is required to generate one mole of
oxygen.

The gasses form bubbles which rise to the surface of the
fluid and may be collected. Either the oxygen or the hydrogen
may be collected for various uses. The “electrolytic water”
surrounding the anode becomes acidic while the electrolytic
water surrounding the cathode becomes basic. Therefore, the
electrodes tend to foul or pit and have a limited life in these
corrosive environments.

Many cathodes and anodes are commercially available.
U.S. Pat. No. 5,982,609 discloses cathodes comprising a
metal or metallic oxide of at least one metal selected from the
group consisting of ruthenium, iridium, nickel, iron,
rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and
osmium. Anodes are formed from the same metallic oxides or
metals as cathodes. Electrodes may also be formed from
alloys of the above metals or metals and oxides co-deposited
on asubstrate. The cathode and anodes may be formed on any
convenient support in any desired shape or size. It is possible
to use the same materials or different materials for both elec-
trodes. The choice is determined according to the uses. Plati-
num and iron alloys (“stainless steel”) are often preferred
materials due to their inherent resistance to the corrosive
electrolytic water. An especially preferred anode disclosed in
U.S. Pat. No. 4,252,856 comprises vacuum deposited iridium
oxide.

Holding vessels for live animals generally have a high
population of animals which use up the available oxygen
rapidly. Pumps to supply oxygen have high power require-
ments and the noise and bubbling may further stress the
animals. The available electrolytic generators likewise have
high power requirements and additionally run at high volt-
ages and produce acidic and basic water which are detrimen-
tal to live animals. Many of the uses of oxygenators, such as
keeping bait or caught fish alive, would benefit from portable
devices that did not require a source of high power. The need
remains for quiet, portable, low voltage means to oxygenate
water.

It has also been known that plant roots are healthier when
oxygenated water is applied. It is thought that oxygen inhibits
the growth of deleterious fungi. The water sparged with air as
in the ’429 patent was shown to increase the biomass of
hydroponically grown cucumbers and tomatoes by about
15%.

The need remains for oxygenator models suitable to be
placed in-line in water distribution devices so as to be applied
to field as well as hydroponic culture.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an
electrolytic cell which generates very small microbubbles
and nanobubbles of oxygen in an aqueous medium, which
bubbles are too small to break the surface tension of the
medium, resulting in a medium supersaturated with oxygen.
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The electrodes may be a metal or oxide of at least one metal
selected from the group consisting of ruthenium, iridium,
nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese,
tantalum, molybdenum, lead, titanium, platinum, palladium
and osmium or oxides thereof. The electrodes may be formed
into open grids or may be closed surfaces. The most preferred
cathode is a stainless steel mesh. The most preferred mesh is
a {fraction (%i6)} inch grid. The most preferred anode is
platinum and iridium oxide on a support. A preferred support
is titanium.

In order to form microbubbles and nanobubbles, the anode
and cathode are separated by a critical distance. The critical
distance ranges from 0.005 inches to 0.140 inches. The pre-
ferred critical distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to
various volumes of aqueous medium to be oxygenated. The
public is directed to choose the applicable model based on
volume and power requirements of projected use. Those mod-
els with low voltage requirements are especially suited to
oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of
electrolysis.

A flow-through model is provided which may be connected
in-line to a watering hose or to a hydroponic circulating
system. The flow-through model can be formed into a tube
with triangular cross-section. In this model, the anode is
placed toward the outside ofthe tube and the cathode is placed
on the inside, contacting the water flow. Alternatively, the
anodes and cathodes may be in plates parallel to the long axis
of the tube, or may be plates in a wafer stack. Alternately, the
electrodes may be placed in a side tube (“T” model) out of the
direct flow of water. Protocols are provided to produce super-
oxygenated water at the desired flow rate and at the desired
power usage. Controls are inserted to activate electrolysis
when water is flowing and deactivate electrolysis at rest.

This invention includes a method to promote growth and
increase yield of plants by application of superoxygenated
water. The water treated with the emitter of this invention is
one example of superoxygenated water. Plants may be grown
in hydroponic culture or in soil. The use of the flow-through
model for drip irrigation of crops and waste water treatment is
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O, emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O,
emitter.

FIG. 4 shows a funnel or pyramid variation of the O,
emitter.

FIG. 5 shows a multilayer sandwich O, emitter.

FIG. 6 shows the yield of tomato plants watered with
superoxygenated water.
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“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“Critical distance” means the distance separating the anode
and cathode at which evolved oxygen forms microbubbles
and nanobubbles.

“0, emitter” means a cell comprised of at least one anode
and at least one cathode separated by the critical distance.

“Metal” means a metal or an alloy of one or more metals.

“Microbubble” means a bubble with a diameter less than
50 microns.

“Nanobubble” means a bubble with a diameter less than
that necessary to break the surface tension of water.
Nanobubbles remain suspended in the water, giving the water
an opalescent or milky appearance.

“Supersaturated” means oxygen at a higher concentration
than normal calculated oxygen solubility at a particular tem-
perature and pressure.

“Superoxygenated water” means water with an oxygen
content at least 120% of that calculated to be saturated at a
temperature.

“Water” means any aqueous medium with resistance less
than one ohm per square centimeter; that is, a medium that can
support the electrolysis of water. In general, the lower limit of
resistance for a medium that can support electrolysis is water
containing more than 2000 ppm total dissolved solids.

The present invention produces microbubbles and
nanobubbles of oxygen via the electrolysis of water. As
molecular oxygen radical (atomic weight 8) is produced, it
reacts to form molecular oxygen, O,. In the special dimen-
sions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small to
break the surface tension of the fluid. These bubbles remain
suspended indefinitely in the fluid and, when allowed to build
up, make the fluid opalescent or milky. Only after several
hours do the bubbles begin to coalesce on the sides of the
container and the water clears. During that time, the water is
supersaturated with oxygen. In contrast, the H, formed
readily coalesces into larger bubbles which are discharged
into the atmosphere, as can be seen by bubble formation at the
cathode.

The first objective of this invention was to make an oxygen
emitter with low power demands, low voltage and low current
for use with live animals. For that reason, a small button
emitter was devised. The anode and cathode were set at vary-
ing distances. It was found that electrolysis took place at very
short distances before arcing of the current occurred. Surpris-
ingly, at slightly larger distances, the water became milky and
no bubbles formed at the anode, while hydrogen continued to
be bubbled off the cathode. At distance of 0.140 inches
between the anode and cathode, it was observed that the
oxygen formed bubbles at the anode. Therefore, the critical
distance for microbubble and nanobubble formation was
determined to be between 0.005 inches and 0.140 inches.

FIG. 7 shows an oxygenation chamber suitable for flow- 55
through applications. FIG. 7A is a cross section showing EXAMPLE 1
arrangement of three plate electrodes. FIG. 7B is a longitu- .
dinal section showing the points of connection to the power Oxygen Emitter
source.
FIG. 8 is a graph showing the oxygenation of waste water. 60 As shown in FIG. 1, the oxygen evolving anode 1 selected

DETAILED DESCRIPTION OF THE INVENTION
Definitions

For the purpose of describing the present invention, the
following terms have these meanings:

65

as the most efficient is an iridium oxide coated single sided
sheet of platinum on a support of titanium (Eltech, Fairport
Harbor, Ohio). The cathode 2 is a (fraction (Y1)} inch mesh
(size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 contain-
ing a gap 4 for the passage of gas and mixing of anodic and
cathodic water and connected to a power source through a
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connection point 5. FIG. 2 shows a plan view of the assembled
device. The O, emitter 6 with the anode connecting wire 7 and
the cathode connecting wire 8 is contained in an enclosure 9,
connected to the battery compartment 10. The spacer thick-
ness is critical as it sets the critical distance. It must be of
sufficient thickness to prevent arcing of the current, but thin
enough to separate the electrodes by no more than 0.140
inches. Above that thickness, the power needs are higher and
the oxygen bubbles formed at higher voltage will coalesce

and escape the fluid. Preferably, the spacer is from 0.005 to 10

0.075 inches thick. At the lower limits, the emitter tends to
foul more quickly. Most preferably, the spacer is about 0.050
inches thick. The spacer may be any nonconductive material
such as nylon, fiberglass, Teflon®, polymer or other plastic.
Because of the criticality of the space distance, it is preferable
to have a non-compressible spacer. It was found that Buna,
with a durometer measure of 60 was not acceptable due to
decomposition. Viton, a common fluoroelastomer, has a
durometer measure of 90 and was found to hold its shape well.

Inoperation, a small device withan O, emitter 1.485 inches
in diameter was driven by 4A A batteries. The critical distance
was held at 0.050 inches with a Viton spacer. Five gallons of
water became saturated in seven minutes. This size is suitable
for raising oxygen levels in an aquarium or bait bucket.

w

. . o . 25
It is convenient to attach a control circuit which comprises

a timer that is thermostatically controlled by a temperature
sensor which determines the off time for the cathode. When
the temperature of the solution changes, the resistance of the
thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given
volume, the emitter generates less oxygen. When the water is
warmer and therefore hold less oxygen, the duration of off
time is shorter. Thus the device is self-controlled to use power
most economically. FIG. 3 shows a block diagram of a timer
control with anode 1, cathode 2, thermistor temperature sen-
sor 3, timer control circuit 4 and wire from a direct current
power source 5.

EXAMPLE 2

Measurement of O, Bubbles

30

6

increase the sensitivity of measurement so that sub-micron
diameter bubbles can be measured.

EXAMPLE 3
Other Models of Oxygen Emitter

Depending on the volume of fluid to be oxygenated, the
oxygen emitter of this invention may be shaped as a circle,
rectangle, cone or other model. One or more may be set in a
substrate that may be metal, glass, plastic or other material.
The substrate is not critical as long as the current is isolated to
the electrodes by the nonconductor spacer material of a thick-
ness from 0.005 to 0.075 inches, preferably 0.050 inches. It
has been noticed that the flow of water seems to be at the
periphery of the emitter, while the evolved visible bubbles
(H,) arise at the center of the emitter. Therefore, a funnel or
pyramidal shaped emitter was constructed to treat larger vol-
umes of fluid. FIG. 4 is a cross sectional diagram of such an
emitter. The anode 1 is formed as an open grid separated from
a marine grade stainless steel screen cathode 2 by the critical
distance by spacer 3 around the periphery of the emitter and at
the apex. This flow-through embodiment is suitable for treat-
ing large volumes of water rapidly.

The size may be varied as required. A round emitter for
oxygenating a bait bucket may be about 2 inches in diameter,
while a 3-inch diameter emitter is adequate for oxygenating a
10 to 40 gallon tank. The live well of a fishing boat will
generally hold 40 to 80 gallons of water and require a 4-inch
diameter emitter. It is within the scope of this invention to
construct larger emitters or to use several in a series to oxy-
genate larger volumes. It is also within the scope of this
invention to vary the model to provide for low voltage and
amperage in cases where the need for oxygen is moderate and
long lasting or conversely, to supersaturate water very quickly
at higher voltage and amperage. In the special dimensions of
the present invention, it has been found that a 6 volt battery
supplying a current as low as 40 milliamperes is sufficient to
generate oxygen. Such a model is especially useful with live
plants or animals, while it is more convenient for industrial
use to use a higher voltage and current. Table I shows a
number of models suitable to various uses.

Attempts were made to measure the diameter of the O, TABLE I
bubl_)les emitted by the device of Example 1. In }he case of 45 [ .\ \idel  Galloms  Volts Amps Max, Ave  Watts
particles other than gasses, measurements can easily be made
by scanning electron microscopy, but gasses do not survive Bait keeper 5 6 0.090 0.060 036
electron microscopy. Large bubble may be measured by pore Livewell 32 12 0.180 0120 144
. L ; OEM 2 inch 10 12 0.210 0120 144

exclusion, for example, which is also not feasible when mea- Bait store 70 > 0.180 0180 516
suring a gas bubble. A black and white digital, high contrast, 57 Double cycle 2 12 0.180 0.180 2.16
backlit photograph of treated water with a millimeter scale OEM 3 inch 50 12 0.500 0.265 3.48
reference was shot of water produced by the emitter of OFM 4 inch 80 12 0.980 0410 4.92
E le 1. About 125 bubbles were seen in the area selected Water pail 2 24 1200 1.200 - 28.80

Xample 1. ¢ Plate 250 12 5.000 2.500  30.00
for measurement. Seven bubbles ranging from the smallest
clearly seen to the largest were measured. The area was ss
enlarged, giving a scale multiplier of 0.029412. EXAMPLE 4

Recorded bubble diameters at scale were 0.16, 0.22, 0.35,
0.51, 0.76, 0.88 and 1.09 millimeters. The last three were
considered outliers by reverse analysis of variance and were
assumed to be hydrogen bubbles. When multiplied by the
scale multiplier, the assumed O, bubbles were found to range
from 4.7 to 15 microns in diameter. This test was limited by
the resolution of the camera and smaller bubbles in the
nanometer range could not be resolved. It is known that white
light cannot resolve features in the nanometer size range, so
monochromatic laser light may give resolution sensitive
enough to measure smaller bubbles. Efforts continue to

6

0

Multilayer Sandwich O, Emitter

An O, emitter was made in a multilayer sandwich embodi-
ment. (FIG. 5) An iridium oxide coated platinum anode 1 was
formed into a grid to allow good water flow and sandwiched
between two stainless steel screen cathodes 2. Spacing was
held at the critical distance by nylon spacers 3. The embodi-

65 ment illustrated is held in a cassette 4 which is secured by

nylon bolt 5 with a nylon washer 6. The dimensions selected
were:
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0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

cathode screen
nylon spacer
anode grid
nylon spacer
cathode screen

for an overall emitter thickness of 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope
of this invention to repeat the sequence of stacking. For
example, an embodiment may easily be constructed with this
sequence: cathode, spacer, anode, spacer, cathode, spacer,
anode, spacer, cathode, spacer, anode, spacer, cathode. The
number of layers in the sandwich is limited only by the power
requirements acceptable for an application.

EXAMPLE 5

Effect of Superoxygenated Water on the Growth of
Plants

It is known that oxygen is important for the growth of
plants. Although plants evolve oxygen during photosynthe-
sis, they also have a requirement for oxygen for respiration.
Oxygen is evolved in the leaves of the plants, while often the
roots are in a hypoxic environment without enough oxygen to
support optimum respiration, which can be reflected in less
than optimum growth and nutrient utilization. Hydroponi-
cally grown plants are particularly susceptible to oxygen
deficit in the root system. U.S. Pat. No. 5,887,383 describes a
liquid supply pump unit for hydroponic cultures which attain
oxygen enrichment by sparging with air. Such a method has
high energy requirements and is noisy. Furthermore, while
suitable for self-contained hydroponic culture, the apparatus
is not usable for field irrigation. In a report available on the
web, it was shown that hydroponically grown cucumbers and
tomatoes supplied with water oxygenated with a device simi-
lar to that described in the *429 patent had increased biomass
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cation of oxygen. It was decided to use water treated with the
emitter of Example 1 as the oxygen carrier. Since water so
treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee “Big Boy”) were planted in one-
inch diameter peat and dirt plugs encased in cheese cloth and
placed in a tray in a southwest window. Controls were
watered once a day with tap water (“Control”) or oxygenated
water (“Test”). Both Controls and Test sprouted at one week.
After five weeks, the Test plants were an average of 11 inches
tall while the Controls were an average of nine inches tall. At
this time, May 10, when the threat of frost in Minnesota was
minimal, the plants were transplanted to 13 inch diameter
pots with drainage holes. Four inches of top soil was added to
each pot, topped off with four inches of Scott’s Potting Soil.
The pots were placed outside in a sunny area with at least
eight hours a day of full sun. The plants were watered as
needed with either plain tap water (Control) or oxygenated
water (Test). The oxygenated water was produced by use of
the emitter of Example 1 run for one-halfhour in a five-gallon
container of water. Previous experiments showed that water
thus treated had an oxygen content from 160% to 260%
saturation. The Test plants flowered on June 4, while the
Controls did not flower until June 18. For both groups, every
plant in the group first had flowers on the same day. All plants
were fertilized on July 2 and a soaker hose provided because
the plants were now so big that watering by hand was difficult.
The soaker hose was run for one half to one hour each morn-
ing, depending on the weather, to a point at which the soil was
saturated with water. One half hour after the soaker hose was
turned off, about 750 ml of superoxygenated water was
applied to each of the Test plants.

The Test plants were bushier than the Controls although the
heights were similar. At this time, there were eight Control
plants and seven Test plants because one of the Test plants
broke in a storm. On July 2, the control plants averaged about
17 primary branches from the vine stem, while the control
plants averaged about 13 primary branches from the vine
stem. As the tomatoes matured, each was weighed on a
kitchen scale at harvest. The yield history is shown in Table II.

40
of about 12% and 17% respectively. It should be noted that - .
L . TABLE 11
when sparged with air, the water may become saturated with
oxygen, but it is unlikely that the water is superoxygenated. Control, grams Test, grams
. . tomatoes from tomatoes from
A. Superoxygenated Water in Hydroponic Culture. a5 eight plants/ seven plants/
Two small hydroponic systems were set up to grow two Week of: cumulative total cumulative total
tomato plants. Circulation protocols were identical except Taly 27 240 100
that the 2 .‘/2 gallon water reservoir for the Control plant was August 3 180 420 2910 3310
eroated with and aquarium bubbler and that for the Test plant August 10 905 1325 1830 5140
was oxygenated with a five-inch strip emitter for two minutes August 17 410 1735 2590 7730
rior to pumping. The cycle was set at four minutes of pump- ¢ August24 3300 3035 2470 10200
p pumping. 24 pump August 31 4150 9175 1580 11780
ing, followed by four minutes of rest. The control water had September 15 not weighed 3710 15490
an oxygen content of about 97% to 103% saturation, that is, it Final Harvest 6435 15620 8895 24385

was saturated with oxygen. The test water had an oxygen
content of about 153% to 165% saturation, that is, it was

supersaturated. The test plant was at least four times the >°

volume of the control plant and began to show what looked
like fertilizer burn. At that point the fertilizer for the Test plant
was reduced by half. Since the plants were not exposed to
natural light but to continuous artificial light in an indoor
environment without the natural means of fertilization (wind
and/or insects), the experiment was discontinued after three
months. At that time, the Test plant but not the Control plant
had blossomed.

B. Superoxygenated Water in Field Culture.
A pilot study was designed to ascertain that plants outside
the hydroponic culture facility would benefit from the appli-

60

65

September 24

The total yield for the eight Control plants was 15620
grams or 1952 grams of tomatoes per plant.

Thetotal yield for the seven Test plants was 24385 grams or
3484 grams of tomatoes per plant, an increase in yield of
about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time.
Not only did the Test plants blossom and bear fruit earlier, but
that the Control plants never caught up to the test plants in the
short Minnesota growing season. It should be noted that the
experiment was terminated because of predicted frost. All
fruits, both green and red, were harvested and weighed at that
point.
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EXAMPLE 6

Flow-Through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural
uses, an emitter than can oxygenate running water efficiently
was developed. In FIG. 7(A), the oxygenation chamber is
comprised of three anodes 1 and cathodes 2, of appropriate
size to fit inside a tube or hose and separated by the critical
distance are placed within a tube or hose 3 at 120° angles to
each other. The anodes and cathodes are positioned with
stabilizing hardware 4. The stabilizing hardware, which can
be any configuration such as a screw, rod or washer, is pref-
erably formed from stainless steel. FIG. 7(B) shows a plan
view of the oxygenation chamber with stabilizing hardware 4
serving as a connector to the power source and stabilizing
hardware 5 serving as a connector to the power source. The
active area is shown at 6.

This invention is not limited to the design selected for this
embodiment. Those skilled in the art can readily fabricate any
of the emitters shown in FIG. 4 or 5, or can design other
embodiments that will oxygenate flowing water. One useful
embodiment is the “T” model, wherein the emitter unit is set
in a side arm. The emitted bubbles are swept into the water
flow. The unitis detachable for easy servicing. Table ITI shows
several models of flow through emitters. The voltage and
flowrates were held constant and the current varied. The Dis-
solved oxygen (DO) from the source was 7.1 mg/liter. The
starting temperature was 12.2° C. but the flowing water
cooled slightly to 11 or 11.5° C. Without undue experimen-
tation, anyone may easily select the embodiment that best
suits desired characteristics from Table IIT or designed with
the teachings of Table III.

10

continuous application of oxygen than did the tomato plants
of Example 5, which were given superoxygenated water only
once a day.

5 EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD,

10 due to the bacterial flora. It is desirable to raise the oxygen

content of the waste water in order to cause the flora to

flocculate. However, it is very difficult to effectively oxygen-

ate such water. Using a4 inch OEM (see Table I) witha 12 volt

battery, four liters of waste water in a five gallon pail were

15 oxygenated. As shown in FIG. 8, the dissolved oxygen went
from 0.5 mg/1 to 10.8 mg/1 in nine minutes.

Those skilled in the art will readily comprehend that varia-
tions, modifications and additions may in the embodiments
described herein may be made. Therefore, such variations,

20 modifications and additions are within the scope of the
appended claims.

The invention claimed is:

1. A method for treating waste water comprising;

providing a flow-through oxygenator comprising an emit-

25 ter for electrolytic generation of microbubbles of oxy-
gen comprising an anode separated at a critical distance
from a cathode and a power source all in electrical com-
munication with each other,

placing the emitter within a conduit; and

30  passing waste water through the conduit.

2. An emitter for electrolytic generation of microbubbles of
oxygen in an aqueous medium comprising: an anode sepa-
rated at a critical distance from a cathode, a nonconductive

TABLE III
ACTIVE DO OF*
ELECTRODE CURRENT, FLOW RATE SAMPLE AT
MODEL AREA, SQ.IN. VOLTAGE AMPS. GAL/MINUTE ONE MINUTE
2-Inch “T” 2 28.3 0.72 12 N/A
3-inch “T” 3 28.3 1.75 12 N/A
2-plate Tube 20 283 9.1 12 8.4
3-Plate tube 30 28.3 12.8 12 9.6

*As the apparatus runs longer, the flowing water becomes milky, indicating supersaturation. The

one-minute time point shows the rapid increase in oxygenation.

The following plants will be tested for response to super-
oxygenated water: grape vines, lettuce, and radishes in three
different climate zones. The operators for these facilities will
be supplied with units for drip irrigation. Drip irrigation is a
technique wherein water is pumped through a pipe or hose
with perforations at the site of each plant to be irrigated. The
conduit may be underground or above ground. Since the
water is applied directly to the plant rather than wetting the
entire field, this technique is especially useful in arid climates
or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irriga-
tion per the usual protocol for the respective plants. Growth
and yield will be compared to the same plants given only the
usual irrigation water. Pest control and fertilization will be the
same between test and control plants, except that the opera-
tors of the experiments will be cautioned to be aware of the
possibility of fertilizer burn in the test plants and to adjust
their protocols accordingly.

It is expected that the superoxygenated plants with drip
irrigation will show more improved performance with more

spacer maintaining the separation of the anode and cathode,
the nonconductive spacer having a spacer thickness between
0.005 to 0.050 inches such that the critical distance is less than
0.060 inches and a power source all in electrical communi-
cation with each other, wherein the critical distance results in
the formation of oxygen bubbles having a bubble diameter
less than 0.0006 inches, said oxygen bubbles being incapable
55 of breading the surface tension of the aqueous medium such
that said aqueous medium is supersaturated with oxygen.

3. The emitter of claim 2, wherein the anode is a metal or a
metallic oxide or a combination of a metal and a metallic
oxide.

4. The emitter of claim 2, wherein the anode is platinum
and iridium oxide on a support.

5. The emitter of claim 2, wherein the cathode is a metal or
metallic oxide or a combination of a metal and a metallic
65 oxide.

6. The emitter of claim 2, wherein the critical distance is
0.005 to 0.060 inches.
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7. The emitter of claim 2, comprising a plurality of anodes
separated at the critical distance from a plurality of cathodes.
8. A method for oxygenating a non-native habitat for tem-
porarily keeping aquatic animals, comprising:
inserting the emitter of claim 2 into the aqueous medium,
the non-native habitat comprising an aquarium, a bait
bucket or a live well.
9. A method for lowering the biologic oxygen demand of
polluted water comprising:

12

10. A supersaturated aqueous product formed with the
emitter of claim 2, the supersaturated aqueous product having
an approximately neutral pH.

11. The emitter of claim 2, further comprising a timer
control.

12. The emitter of claim 2, wherein the anode and cathode
are arranged such that the emitter assumes a funnel or pyra-
midal shaped emitter.

passing the polluted water through a vessel containing the 10
emitter of claim 2. ®E ok k%
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,670,495 B2
APPLICATION NO. :12/023431
DATED : March 2, 2010
INVENTOR(S) . Senkiw

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Column 10. Line 55:
Delete “breading” and insert --breaking--.

Signed and Sealed this

First Day of June, 2010

D@w}‘ DR {QW

David J. Kappos
Director of the United States Patent and Trademark Office
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PATENT ASSIGNMENT

Electronic Version v1.1
Stylesheet Version v1.1

SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: LICENSE
CONVEYING PARTY DATA
| Name || Execution Date |
|Oxygenator Water Technologies, Inc. ||1 0/04/2012 |
|Aqua Innovations Incorporated ||10/04/2012 |
RECEIVING PARTY DATA
|Name: ||Roy H Lecy |
|Street Address: ||2640 North Saunders Lake Drive |
|City: ||Minnetrista |
|state/Country: IMINNESOTA |
[Postal Code: |l55364 |
PROPERTY NUMBERS Total: 3
| Property Type ” Number |
’ Patent Number: ” 6689262 |
|Patent Number. | 7396441 |
‘ Patent Number: ” 7670495 |
CORRESPONDENCE DATA
Fax Number: 6123376100
Correspondence will be sent via US Mail when the fax attempt is unsuccessful.
Phone: 6123376100
Email: nathanbrandenburg@siegelbrill.com
Correspondent Name: Nathan M. Brandenburg
Address Line 1: 100 Washington Avenue South
Address Line 2: Suite 1300
Address Line 4: Minneapolis, MINNESOTA 55401
ATTORNEY DOCKET NUMBER: 26141-001
NAME OF SUBMITTER: Nathan M. Brandenburg
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Signature: /nathanmbrandenburg/

Date: 04/30/2013

This document serves as an Oath/Declaration (37 CFR 1.63).
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License Agreement

THIS AGREEMENT ("Agreement") is entered into this 30th day of July, 2008 (the
"Effective Date"), by and between Oxygenator Water Technologies, Inc., a Minnesota
corporation with offices at 6101 Baker Rd., #2086, Minnetonka, Minnesota, 55435
("Licenser") and Agua Innovations, Inc. a Minnesota corporation with offices at 6101 Baker
Rd., #2086, Minnetonka, Minnesota, 55435 ("Licensee”, and Licensor and Licensee each a
"Party" and together the "Parties"). Initially capitalized terms defined in this Agreement
shall have the meaning ascribed fo them respectively herein.

WITNESSETH:

LICENSOR owns the technology for which patents have been issued and are
pending with respect to electrolytic hydrolysis of water to increase its dissolved oxygen
content. A more complete description of said technology, together with a description of the
patents issued and currently pending for said technology, is set forth in Article 1 below and
in Exhibit "A" attached hereto.

LICENSOR anticipates and intends that it will make additional discoveries and
improvements to said technology, some of which may be patentable.

It is further anticipated by the parties that LICENSOR may make improvements to
said technology and additional discoveries concerning other applications for said
technology.

The parties desire that LICENSOR grant a perpetual, exclusive license to
LICENSEE to develop and sell throughout the world certain products utilizing the
technology LICENSOR has developed and may in the future develop, all according to the
terms and conditions set forth in this Agreement.

The parties further desire that LICENSOR will retain the complete and entire right to
develop and sell throughout the world in markets not licensed to LICENSEE hereunder
products utilizing the technology LICENSOR has developed and may in the future develop
or the technology that LICENSEE may develop in the future, also according to the terms
and conditions set forth in this Agreement.

Thus, the parties have agreed to enter into a licensing arrangement by which each
party will be entitled to benefit from the other party’s patents, technology and know-how
concerning electrolytic hydrolysis of water in the sale of products in certain markets.

NOW, THEREFORE, based on the foregoing and the mutual covenants and
agreements herein contained, the parties hereby covenant and agree as follows:
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EXHIBIT B’

LICENSEE Marketls

Al worldwide markets for:

Waste Water Treatment

Medical Applications

Spoit Fishing

Aqua Culitere

Horticullurs {consumer and commercial)
Hydraponics

e % & B % 2

Markets excluded from ficense agreement (including but not limited to):

« Water Traatment (all applications except waste water)

»  Ferfmentation

¢ Dasalination

« Human Nutrition

«  Animal Nutition
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ARTICLE 1
DEFINITIONS

When used in this Agreement, the following terms have the meanings set forth
below unless a different and common meaning of the term is clearly indicated by the
context, and variants and derivatives of the following terms shall have correlative
meanings:

"Agreement” has the meaning set forth in the preamble.
"LICENSOR Documents” has the meaning set forth in Section 2.6.

"LICENSOR Improvements" means all developments LICENSOR may make in the
LICENSOR Technology or the LICENSEE Technology prior fo the termination of
this Agreement, whether or not patentable, and which are invented, developed,
discovered or otherwise acquired by LICENSOR and which LICENSOR may
lawfully communicate to LICENSEE.

"LICENSOR Markets" means all uses for the LICENSOR Technology and the
LICENSEE Technology other than in the LICENSEE Markets.

"LICENSOR Patents” means all of LICENSOR's patents (whether issued to
LICENSOR or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others, and patents pending now, or during the term of this
Agreement, issued to LICENSOR (by any country} relating to the LICENSOR
Technology, inciuding, but not limited fo, those patents and those patents pending
described on Exhibit A and any continuations, continuations-in-part, divisions,
registrations, confirmations, reissues, renewals or extensions of term thereof.

"LICENSOR Products" means any product manufactured and/or sold or distributed
by LICENSOR or a sub licensee of LICENSOR under any claim contained in the
LICENSEE Patents.

"LICENSOR Property" means LICENSOR Patents, LICENSOR Improvements and
LICENSOR Technology.

"LICENSOR Technology’” means LICENSOR's unpatented technology and
information now existing and relating to, and embodying LICENSOR's experience in
electrolytic hydrolysis of water. LICENSOR Technology shall include the technical
information in all current and fuiure manuals, formulae, specifications, test data and
procedures, flow charts, apparatus plans, drawings, designs and other information
actually communicated by LICENSOR to LICENSEE during the term of this
Agreement, whether contained in documentary form, electronic medium or
communicated as a result of LICENSOR imparting the same directly or giving
LICENSEE access fo any of LICENSOR's production facilities.
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“Effective Date” has the meaning set forth in the preamble.
"LICENSEE Documents” has the meaning set forth in Section 2.7.

“LICENSEE Improvements" means all developments LICENSEE may make in the
LICENSOR Technology or the LICENSEE Technology prior to the termination of
this Agreement, whether or not patentable and which are invented, developed,
discovered or otherwise acquired by LICENSEE and which LICENSEE may lawfully
communicate to LICENSOR.

"LICENSEE Markets" means those markets for Licensee Products as are
described in Exhibit B attached hereto.

"LICENSEE Patents" means all of LICENSEE's patents (whether issued to
LICENSEE or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others) which may after the effective date of this
Agreement be issued (by any country) relating to electrolytic hydrolysis of water and
any continuations, continuations-in-part, divisions, registrations, confirmations,
reissues, renewals or extensions of term thereof.

“LICENSEE Products"” means any product manufactured and/or sold or distributed
to any party other than LICENSOR by LICENSEE or a sublicense of LICENSEE in
conformity with the terms of this Agreement, including, but not limited to, any
product which is based on any claim or thing contained in any LICENSOR Property.

"LICENSEE Property’” means LICENSEE Patents, LICENSEE Improvements and
LICENSEE Technology.

"LICENSEE Technology' means LICENSEE's unpatented technology and
information which LICENSEE may develop relating to, and embodying LICENSEE's
experience in, the manufaciuring, the processing, quality control, and sale of the
LICENSEE Products. LICENSEE Technology shall include the technical information
in all manuals, formulae, specifications, test data and procedures, flow charts,
apparatus plans, drawings, designs and other information actually communicated
by LICENSEE to LICENSOR during the term of this Agreament, whether contained
in documentary form, electronic medium or communicated as a result of LICENSEE
imparting the same directly or giving LICENSOR access to any of LICENSEE's
production facilities.

"Territory" means the world.
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ARTICLE 2
MARKETS AND LICENSING

2.1. Exclusive Markets. The parties agree that unless properly terminated by
LICENSOR pursuant to Section 5.1 below, LICENSEE will have the exclusive right to
exploit the LICENSOR Property and the LICENSEE Property in the manufacture, use and
sale or other distribution of LICENSEE Products in the LICENSEE Markets in the Territory.
The parties further agree that LICENSOR will have the exclusive right to exploit the
LICENSOR Property and the LICENSEE Property in the manufacture, use and sale or
other distribution of LICENSOR Products in the LICENSOR Markets in the Territory.
LICENSEE may not, directly or indirectly, distribute in any manner any product which
competes with the LICENSEE Products in any manner nor may LICENSEE assist or have
any interest in any third party distributing any such products through licensing or
assignment of technology to any such third party or by any other means.

2.2. Exclusive License to LICENSEE. Subject to the terms and conditions of this
Agreement, LICENSOR hereby confers upon LICENSEE the sole and exclusive license,
with the right of sublicense, under the LICENSOR Property, to make, have made, use and
sell the LICENSEE Products in the LICENSEE Markets in the Territory and to prevent
infringement of the LICENSOR Patents, and to prevent unauthorized use and disclosure
of the LICENSOR Technology in connection therewith. No license is conferred hereby to
make, have made, use and sell articles which are not LICENSEE Products.

2.3. Exclusive License to LICENSOR. Subject to the terms and conditions of this
Agreement, LICENSEE hereby confers upon LICENSOR the sole and exclusive, royalty-
free license, with the right of sublicense, under the LICENSEE Property, to make, have
made, use and sell the LICENSOR Products in the LICENSOR Markets in the Territory
and to prevent infringement of the LICENSEE Patents, and to prevent unauthorized use
and disclosure of the LICENSEE Technology in connection therewith. No license is
conferred hereby fo make, have made, use and sell articles which are not LICENSOR
Products.

2.4. Product Markings. The Parties shall insure that all LICENSOR Products
and all LICENSEE Products are marked with any applicable patent number and all
labeling and other product information shall be marked in such manner as to conform with
the patent laws and practices of the country of sale.

2.5 Transfer of Technology by LICENSOR. As promptly as practicable after
the execution of this Agreement, LICENSOR shall deliver to LICENSEE all information
concerning the LICENSOR Property. LICENSOR also promptly shall deliver to LICENSEE
all future information it acquires concerning the LICENSOR Property. All documentary
information so delivered or any documentary information following non-documentary
disclosure by LICENSOR, shall be referred to as “LICENSOR Documents™. LICENSEE
shall receive, use, maintain, restrict access to or copying of, and safeguard the
LICENSOR Documents in such manner as to maximize the value of the LICENSOR
Patents, the LICENSOR Technology and the LICENSOR Improvements; without limiting
the generality of the foregoing, LICENSEE shali, and shall cause its employees and
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representatives to, use reasonable care to prevent unauthorized access to, copying, use,
publication, disclosure or other dissemination of the LICENSOR Documents. Upon 10
days advance notice and at reasonable times, LICENSOR shall permit LICENSEE access
to its technical personnel at its offices or at such locations as is mutually agreed upon by
the Parties. During such visits, technically competent personnel will be provided by
LICENSOR to answer fully such questions as LICENSEE may have with a view to
transferring the LICENSOR Property. Nothing in this Section 2.6 shali require LICENSOR
to disclose to LICENSEE any technological information which it does not own or that is
otherwise subject to restrictions on use or disclosure.

2.6. Transfer of Technology by LICENSEE. As promptly as practicable after
LICENSEE develops, discovers or otherwise comes into possession of LICENSEE
Patents, LICENSEE improvements and/or LICENSEE Technology, LICENSEE shall
deliver to LICENSOR all information concerning same. All documentary information so
delivered or any documentary information following non-documentary disclosure by
LICENSEE, shall be referred to as “LICENSEE Documents.” LICENSOR shall receive,
use, maintain, restrict access to or copying of, and safeguard the LICENSEE Documents
in such manner as to maximize the value of the LICENSEE Patents, the LICENSEE
Technology and the LICENSEE Improvements; without fimiting the generality of the
foregoing, LICENSOR shall, and shall cause its employees and representatives to, use
reasonable care to prevent unauthorized access to, copying, use, publication, disclosure
or other dissemination of the LICENSEE Documents. Upon 10 days advance notice and at
reasonable times, LICENSEE shall permit LICENSCR access to its technical personnel at
its offices or at such locations as is mutually agreed upon by the Parties. During such
visits, technically competent personnel will be provided by LICENSEE to answer fully such
questions as LICENSOR may have with a view to transferring to LICENSOR the
LICENSEE Property. Nothing in this Section 2.7 shall require LICENSEE to disclose to
LICENSOR any technological information which it does not own or that is otherwise
subject to restrictions on use or disclosure.

2.7. Further Prosecution of Patents. LICENSOR will continue with the prompt
prosecution of all pending patent applications filed by LICENSOR as detailed on Schedule
‘A’ so long as it is commercially reasonable to do so, and LICENSOR will periodically
advise LICENSEE of the status of such prosecutions. As soon as practical, the Parties will
confer to determine the countries for which the Parties desire protection for the
LICENSOR Patents. In the event that LICENSEE files an application for a patent(s)
covering electrolytic hydrolysis of water, LICENSEE will periodically advise LICENSOR of
the status of the prosecution of any such patent. As soon as practical after any such
application by LICENSEE, the Parties will confer to determine the countries for which the
Parties desire protection for the LICENSEE Patents. From the date of this Agreement, all
expenses incurred in filing for and maintaining protection in those countries mutually
agreed upon (other than expenses of prosecuting the original patent application in the first
jurisdiction, which will be the responsibility of the Party filing the patent application) will be
shared equally by the Parties. Either Parly may seek protection in any country not mutually
agreed upon by paying the full amount of the cost thereof. A party seeking such additional
protection will receive the full cooperation of the other Party (other than in paying the
expenses thereof) in protecting all patents in any such other country.
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2.8. Additional Covenants. Each of LICENSOR and LICENSEE shall faithfully
comply with their respective obligations under this Agreement and shall incorporate all
terms and conditions required by this Agreement in any contracts with third parties fo
whom access to the LICENSOR Property or the LICENSEE Property, as the case may be,
may (but only in accordance with this Agreement) be given. Each of LICENSOR and
LICENSEE shall indemnify and hold harmless the other Party and its successors and
assigns from any injury, loss, or damage of any kind or nature, or any other liability sought
to be imposed on such Party, and arising out of or in connection with or resulting from the
marketing, sale or use of the imdemnifying Party’s product(s), including any advertising or
other promotional activities related thereto.

2.9. Infringement Actions. Neither LICENSOR nor LICENSEE will have any
responsibility to the other Party for any damage or expense incurred by such other Party
which arises from any action, claim or cause of action brought by any person as the result
of any alleged patent infringement or trade secret misappropriation by reason of such
other Party’s manufacture, use or sale of any product under any of the licenses conferred
hereby.

2.10. LICENSEE’s Rights in Event of Third Party Infringement. LICENSEE
shall have the right, in LICENSOR's name (if required by law, otherwise, in LICENSEE's
name) but at LICENSEE's sole expense, to sue third parties in the LICENSEE Markets for
infringements of the LICENSOR Patents and misappropriation of the LICENSOR
Technology and unpatented LICENSOR Improvements, and LICENSOR shall, but at
LICENSEE's expense for LICENSOR's direct associated expenses, fully and promptly
cooperate and assist LICENSEE in connection with any such suil. LICENSEE shall
promptly reimburse LICENSOR for said suit-associated direct expenses upon presentation
of LICENSOR's itemized statement therefor. LICENSOR may, if it so elects, join in any
such suit as a plaintiff. All damages, awards or settlement proceeds in such suit shall be
LICENSEE's. If LICENSEE, after notice from LICENSOR of an alleged infringement or
misappropriation, shall within 90 days fail to institute suif, LICENSOR, in its own name (or,
if required by law, in its and LICENSEE’s name) and at its own expense, may sue
therefore, and LICENSEE shall, but at LICENSOR's expense for LICENSEE's direct
associated expenses, fully and promptly cooperate and assist LICENSOR in connection
with any such suit. LICENSOR shall promptly reimburse LICENSEE for said suit-
associated direct expenses upon presentation of LICENSEE's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSOR’s.

2.11. LICENSOR’s Rights in Event of Third Party Infringement. LICENSOR
shall have the right, in LICENSEE's name (if required by law, otherwise, in LICENSOR’s
name) but at LICENSOR’s sole expense, to sue third parties in the LICENSOR Markets
for infringements of the LICENSEE Patents and misappropriation of the LICENSEE
Technology and unpatented LICENSEE Improvements, and LICENSEE shall, but at
LICENSOR’s expense for LICENSEE's direct associated expenses, fully and promptly
cooperate and assist LICENSOR in connection with any such suit. LICENSEE may, if it so
elects, join in any such suit as a plaintiff. LICENSOR shall promptly reimburse LICENSEE
for said suit-associated direct expenses upon presentation of LICENSEE's itemized
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statement therefor. All damages, awards or seftlement proceeds in such suit shall be
LICENSOR's. If LICENSOR, after notice from LICENSEE of an alleged infringement or
misappropriation, shall within 90 days fail to institute suit, LICENSEE, in its own name (or,
if required by law, in its and LICENSOR’s name) and at its own expense, may sue
therefore, and LICENSOR shall, but at LICENSEE's expense for LICENSOR's direct
associated expenses, fully and promptly cooperate and assist LICENSEE in connection
with any such suit. LICENSEE shall promptly reimburse LICENSOR for said suit-
associated direct expenses upon presentation of LICENSOR's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSEE’s.

2.12. LICENSEE Royalty Payment. None. License is granted without cost to
LICENSEE.

ARTICLE 3
INDEMNIFICATION

3.1. Indemnification by LICENSEE. LICENSEE shall indemnify and hold
LICENSOR and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSOR arising out of
or in connection with or resulting from the marketing, sale or use of the LICENSEE
Products, including any advertising or other promotional activities related thereto.
LICENSOR shall be an added insured party to LICENSEE’s product liability insurance,
which shall have coverage limits of at least two million dollars ($2,000,000) per incident
and which LICENSEE shall procure and have in place no later than the date on which
LICENSEE first makes a delivery of any of the LICENSEE Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSOR is provided at least
thirty (30) days advance written notice.

3.2. Indemnification by LICENSOR. LICENSOR shall indemnify and hold
LICENSEE and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSEE arising out of
or in connection with or resuiting from the marketing, sale or use of the LICENSOR
Products, including any advertising or other promotional activities related thereto. At such
time, if any, as LICENSOR shall sell LICENSOR Products, LICENSOR shall add
LICENSEE as an added insured party to LICENSOR’s product liability insurance, which
shall have coverage limits of at least two million dollars ($2,000,000) per incident and
which LICENSOR shall procure and have in place no later than the date on which
LICENSOR first makes a delivery of any of the LICENSOR Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSEE is provided at least
thirty (30) days advance written notice.

ARTICLE 4
CONFIDENTIALITY

4.1. Restrictions on Use and Disclosure of LICENSOR Property by
LICENSEE. LICENSEE shall use the LICENSOR Property in confidence and shall not
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disclose same 1o its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not to disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate: (a) if
that portion is, or becomes, generally known within the related trade or industry through no
default of LICENSEE, or (b) upon the expiration of the obligation of LICENSEE under this
Agreement to pay royalties to LICENSOR.

4.2. Restrictions on Use and Disclosure of LICENSEE Property by
LICENSOR. LICENSOR shall use the LICENSEE Property in confidence and shall not
disclose same to its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not fo disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate if that
portion is, or becomes, generally known within the related trade or industry through no
default of LICENSOR.

4.3. Employees; Third Parties Etc. In order to faithfully perform their
respective obligations under sections 4.1 and 4.2, the Parties shall limit access to the
other Party’'s Property to only those of its officers, employees and agents who shall have a
need to receive or have access to that portion, and then only for the purposes of the
practice under the licenses conferred by this Agreement. Each Party will require any third
party, to whom access may be authorized under this Agreement, to execute an
appropriate confidentiality agreement.

4.4. Authorized Required Disclosures. Nothing in this Article 4 shali prevent a
Party. (a) from complying (but only to the narrowest extent required by law and regulation
and with due notice on any submissions to governmental agencies of the confidential or
proprietary status of the information with a view toward restricting access to, and use or
disclosure by, third parties) with reasonable requirements of governmental agencies to
disciose information in order to receive legally required consents or permissions to
manufacture or sell that Party’s Products; or (b) from disclosing information under court
order, but only after having made all reasonable efforis to secure the court's order to (i)
limit production, use and disclosure of said information for the purposes of the case and to
the narrowest class of disclosures practicable under the circumstances and (i) hold ali
proceedings in camera with a sealed record.

ARTICLE &
RESOLUTION OF DISPUTES

All claims, disputes and other matters in question arising out of, or relating to, this
Agreement or the performance thereof shall be submitted to, and determined by,
arbitration if good faith negotiations between the parties do not resolve such claim, dispute
or other matter within 60 days. Such arbitration shall proceed in accordance with the
Commercial Arbitration Rules of the American Arbitration Association then pertaining (the
"Rules"), insofar as such Rules are not inconsistent with the provisions expressly set forth
in this Agreement, unless the parties mutually agree otherwise, and pursuant to the
foliowing procedures:
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(a) Notice of the demand for arbitration shall be filed in writing with the other
Member and with the American Arbitration Association. Each Member shall appoint
an arbitrator, and those party-appointed arbitrators shall appoint a third neutral
arbitrator within 10 days. If the party-appointed arbitrators fail to appoint a third,
neutral arbitrator within 10 days, such third, neutral arbitrator shall be appointed by
the American Arbitration Association in accordance with the Rules. A determination
by a majority of the panel shall be binding.

(b) Reasonable discovery shall be allowed in arbitration.

(c) All proceedings before the arbitrators shall be held in Minneapolis, Minnesota.
The governing law shall be as specified in Section 8.1 below.

{(d) The costs and fees of the arbitration, including attorneys' fees, shall be allocated
by the arbitrators.

(e) The award rendered by the arbitrators shall be final and judgment may be
entered in accordance with applicable law and in any court having jurisdiction
thereof.

ARTICLE 6
NOTICES

6.1. Notices. All communications, demands, notices or objections required or
permitted to be given or served under this Agreement shall be in writing and shall be
deemed to have been duly given or made only if delivered in person, deposited in the
United States mail, postage prepaid, for mailing by certified or registered mail, return
receipt requested, or delivered by prepaid overnight courier service, addressed to the
appropriate party as follows:

{fto LICENSOR: Richard Disrud, COO
Aqua Innovations, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Ifto LICENSEE:  Jeffrey Brink, CEC
Oxygenator Water Technology, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Either party may change its address by giving notice in writing, stating the new address, to
the other Party as provided in the foregoing manner. Commencing on the tenth (10th) day
after the giving of such notice, such newly designated address shall be such Party's
address for the purpose of all communications, demands, notices or objections required or
permitted to be given or served under this Agreement.
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ARTICLE 7
MISCELLANEQUS

7.1. Governing Law; Court Proceedings. The validity, performance, and all
matters relating to the interpretation and effect of this Agreement shall be governed by the
internal law in effect in the State of Minnesota without regard to principles of law (such as
"conflicts of law") that might make the law of some other jurisdiction applicable. Without
limiting the terms set forth in Article 6 with respect to the resolution of disputes, each Party
agrees to the exclusive and irrevocable jurisdiction of the federal and state courts of
Minnesota for any claim, action or cause of action arising out of or in any way related to
this Agreement which may be brought in a court of law and both parties agree that
personal service from any such court may be effectively served upon a party at the
respective addresses set forth in Section 7.1.

7.2. Exhibits. Exhibits, schedules and annexes referred to in this Agreement and
attached hereto are incorporated herein in full by this reference as if each of such exhibits,
schedules or annexes were set forth in the body of this Agreement and duly executed by
the parties hereto.

7.3. Additional Documents and Acts. Each party agrees that it will use all
reasonable efforts to take, or cause to be taken, all actions and to do, or cause to be
done, all things necessary, proper or advisable, including, but not limited to, the execution
of additional documents and instruments, to consummate, make effective and carry out
the transactions contemplated by this Agreement.

74. Amendment, Modification or Waiver. No amendment, modification or
waiver of any condition, provision or term of this Agreement shall be valid or of any effect
unless made in writing, signed by the party or parties to be bound or its duly authorized
representative and specifying with particularity the nature and extent of such amendment,
modification or waiver. Any waiver by any party of a default of ancther party shall not
affect or impair any right arising from any subsequent default.

7.5. Severable Provisions. Whenever possible, each provision of this Agreement
will be interpreted in such manner as to be effective and valid under applicable law, but if
any provision of this Agreement is held to be invalid, illegal or unenforceable under any
applicable law or rule in any jurisdiction, such provision will be ineffective only to the extent
of such invalidity, illegality, or unenforceability in such jurisdiction, without invalidating the
remainder of this Agreement in such jurisdiction or any provision hereof in any other
jurisdiction.

7.8. Entire Agreement. This Agreement contains the entire understanding of
the parties hereto in respect of the transactions contemplated hereby and supersedes all
prior agreements and understandings between the parties with respect to such subject
matter.

7.7. Captions, Headings, Titles or References to Gender. All captions, headings
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or tittes in the paragraphs or sections of this Agreement are inserted for convenience of
reference only and shall not constitute a part of this Agreement or as a limitation of the
scope of the particular paragraphs or sections to which they apply. Where appropriate,
the masculine gender may be read as the feminine gender or the neuter gender, the
feminine gender may be read as the masculine gender or the neuter gender and the
neuter gender may be read as the masculine gender or the feminine gender.

7.8. Counterparts. This Agreement may be executed in two (2) or more
counterparts, each of which shall be considered one and the same Agreement and shall

become effective when one or more counterparts have been signed by each of the parties
and deliverad to the other parties.

IN WITNESS WHEREOF, the parties have executed this Agreement on the date
first written above.

AQUA INNOVATIONS, INC.

Dick Disrud its COO

GXYGENATOR WATER TECHNOLOGIES, INC.

E‘f ‘ T ow %
S x%kvi%ﬁ\*m
b

Jeff Brink its CEO
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EXHIBIT "A"

DESCRIPTION OF LICENSOR PATENTS AND PATENTS PENDING

United States Patent Number: US 6,689,262 B2
Date of Patent: February 10, 2004
Name: Microbubbles of Oxygen
Application Number: 10/372,017

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen.

United States Patent Number: US 7,396,441 B2
Publication Date: July 8, 2008
Name: Flow-Thru Oxygenator
Application Number: 10/732,326

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen. A flow-through model for oxygenating flowing water. The use of
supersaturated water for enhancing the growth of plants. Method of applying
supersaturated water to plants manually, by drip irrigation or in hydroponic culture. The
treatment of waste water by raising the dissolved oxygen with the use of oxygen emitter.
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Flow-through oxygenator
Abstract

An oxygen emitter which is an electrolyiic cell is disclosed. When the anode and cathode are separated
by a critical distance, very small microbubbles and nanobubbles of oxygen are generated. The very
small oxygen bubbles remain in suspension, forming a solution supersaturated in oxygen. A tlow-
throngh model for oxygenating flowing water is disclosed. The use of supersaturated water for
enhancing the growth of plants is disclosed. Methods for applying supersaturated water to plants
manually, by drip irrigation or in hydroponic culture are described. The treatment of waste water by
raising the dissolved oxygen with the use of an oxygen emiiter is disclosed.
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RELATED APPLICATIONS

This application is a division of application Ser. No. 10/732,326 filed Dec. 10, 2003, which in turn is a
continuation-in-part of application Ser. No. 10/372,017, filed Feb. 21, 2003, now U.S. Pat. No.
6,689,262, which claims the benefit of U.S. Provisional Application No. 60/358,534, filed Feb. 22,
2002, each of which is hereby fully incorporated herein by reference.

The invention claimed is:

1. A method for treating waste water comprising; providing a flow-through oxygenator comprising an
emitter for electrolytic generation of microbubbles of oxygen comprising an anode separated at a critical
distance from a cathode and a power source all in electrical communication with each other, placing the
emitter within a conduit; and passing waste water through the conduit.

2. An emitter for electrolytic generation of microbubbles of oxygen in an agueous medium comprising:
an anode separated at a critical distance from a cathode, a nonconductive spacer maintaining the
separation of the anode and cathode, the nonconductive spacer having a spacer thickness between 0.005
to 0.050 inches such that the critical distance is less than 0.060 inches and a power source all in
electrical communication with each other, wherein the critical distance results in the formation of
oxygen bubbles having a bubble diameter less than 0.0006 inches, said oxygen bubbles being incapable
of breading the surface tension of the aqueous medivm such that said agueous medium is supersaturated

with oxygen.

3. The emitter of claim 2, wherein the anode is a metal or a metallic oxide or a combination of a metal
and a metallic oxide.

4. The emitter of claim 2, wherein the anode is platinum and iridium oxide on a support.

5. The emitter of claim 2, wherein the cathode is a metal or metallic oxide or a combination of 3 metal
and a metallic oxide.

6. The emitter of claim 2, wherein the critical distance is 0.005 to 0.060 inches.

7. The emitter of claim 2, comprising a plurality of anodes separated at the critical distance from a
plurality of cathodes.

8. A method for oxygenating a non-native habitat for temporarily keeping aquatic animals, comprising:
inserting the emitter of claim 2 into the aqueous medium, the non-native habitat comprising an
aquarium, a bait bucket or a live well.

9. A method for lowering the biologic oxygen demand of polluted water comprising: passing the
polluied water through a vessel containing the emitier of claim 2.

10. A supersaturated aqueous product formed with the emitter of claim 2, the supersaturated aquecus
product having an approximately neutral pH.

http://patft] uspto.gov/netacgi/nph-Parser?Sect1 =PTO1 &Sect2=HITOFF&d=PALL&p=1&... 3/2/2010

JA118
OWT Ex. 2118
Page 120 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 121 of 1320

United States Patent: 7670495 Page 4 of 12

1. The emitter of claim 2, further comprising a timer control,

12. The emitter of claim 2, wherein the anode and cathode are arranged such that the emitter assumes a
funnel or pyramidal shaped emitter.

BDescription

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of microbubbles of oxygen for increasing the oxygen
content of flowing water. This invention also relates to the use of superoxygenated water {o enhance the
growth and yield of plants. The flow-through model is useful for oxygenating water for hydroponic
plant culture, drip irrigation and waste water treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxygen content of aqueous media. Efforts have been
made to achieve higher saturated or supersaturated oxygen levels for applications such as the
improvement of water quality in ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic animals, biclogical culture and hydroponic
culture. For example, fish held in a limited environment such as an aguarium, a bait bucket or a live hold
tank may quickly use up the dissolved oxygen in the course of normal respiration and are then subject to
hypoxic stress, which can lead to death. A similar effect is seen in cell cultures, where the respiring cells
would benefit from higher oxygen content of the medium. Organic pollutants from agriculiural,
municipal and industrial facilities spread through the ground and surface water and adversely affect life
forms. Many pollutants are toxic, carcinogenic or mutagenic. Decomposition of these pollutants is
facilitated by oxygen, both by direct chemical detoxifying reactions or by stimulating the growth of
detoxifying microflora. Contaminated water is described as having an increased biological oxygen
demand (BOD) and water treatment is aimed at decreasing the BOI? so as to make more oxygen
available for fish and other life forms.

The most common method of increasing the oxygen content of a medium is by sparging with air or
oxygen. While this is a simple method, the resulting large bubbles produced simply break the surface
and are discharged into the atmosphere. Attempts have been made to reduce the size of the bubbles in
order to facilitate oxygen transfer by increasing the total surface area of the oxygen bubbles. U.S. Pat.
No. 5,534,143 discloses a microbubble generator that achieves a bubble size of about (.10 millimeters to
about 3 millimeters in diameter. U.S. Pat. No. 6,394,429 ("the '429 patent”) discloses a device for
producing microbubbles, ranging in size from 0.1 to 100 microns in diameter, by forcing air into the
fluid at high pressure through a small orifice.

When the object of generating bubbles is to oxygenate the water, either air, with an oxygen content of
about 21%, or pure oxygen may be used. The production of oxygen and hydrogen by the electrolysis of
water is well known. A current is applied across an anode and a cathode which are immersed in an
aqueous medium. The current may be a direct current from a battery or an AC/DC converter from a line.
Hydrogen gas is produced at the cathode and oxygen gas is produced at the anode. The reactions are:

TABLE-US-00001 AT THE CATHODE: 4H.sub.20 + 4e.sup.~ .fwdarw. 40OH.sup.- + 2H.sub.2 AT
THE ANODE: 2H.sub.20 fwdarw. O.sub.2 + 4H.sup .+ + 4e.sup.- NET REACTION:
6H.sub.20 fwdarw. 40H.sup.- + 4H.sup.+ ++ 2H.sub.2 + O.sub.2
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286 kilojoules of energy is required to generate one mole of oxygen.

The gasses form bubbles which rise to the surface of the fluid and may be collected. Either the oxygen
or the hydrogen may be collected for various uses. The "electrolytic water" surrounding the anode
becomes acidic while the electrolytic water surrounding the cathode becomes basic. Therefore, the
electrodes tend to foul or pit and have a limited life in these corrosive environments.

Many cathodes and anodes are commmercially available. U.S. Pat. No. 5,982,609 discloses cathodes
comprising a metal or metallic oxide of at least one metal selected from the group consisting of
rathenium, iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese, tantalum,

molybdenum, lead, titanium, platinum, palladium and osmium. Anodes are formed from the same
metallic oxides or metals as cathodes. Electrodes may also be formed from alloys of the above metals or
metals and oxides co-deposited on a substrate. The cathode and anodes may be formed on any
convenient support in any desired shape or size. It is possible to use the same materials or different
materials for both electrodes. The choice is determined according to the uses. Platinum and iron alloys
("stainless steei") are often preferred materials due to their icherent resistance to the corrosive
electrolytic water. An especially preferred anode disclosed in U.S. Pat. No. 4,252,856 comprises vacuum

deposited iridium oxide.

Holding vessels for live animals generally have a high population of animals which use up the available
oxygen rapidly. Pumps to supply oxvgen have high power requirements and the noise and bubbling may
further stress the animals. The available electrolytic generators likewise have high power requirements
and additionally run at high voltages and produce acidic and basic water which are detrimental to live
animals. Many of the uses of oxygenators, such as keeping bait or caught fish alive, would benefit from
portable devices that did not require a source of high power. The need remains for quiet, portable, low
voltage means to oxygenate water. '

It has alse been known that plant roots are healthier when oxygenated water is applied. It is thought that
oxygen inhibits the growth of deleterious fungi. The water sparged with air as in the '429 patent was
shown to increase the biomass of hydroponically grown cucumbers and tomatoes by about 15%.

The need remains for oxygenator models suitable to be placed in-line in water distribution devices so as
to be applied to field as well as hydroponic culfure.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an electrolytic cell which generates very small
microbubbles and nanocbubbles of oxygen in an agueous medium, which bubbles are too small to break
the surface tension of the medium, resulting in a medium supersaturated with oxygen.

The elecirodes may be a metal or oxide of at least one metal selected from the group consisting of
rathenium, iridium, nickel, iron, thodivm, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladiom and osmiwm or oxides thereof. The elecirodes may be
formed into open grids or may be closed surfaces. The most preferred cathode is a stainless steel mesh.
The most preferred mesh is a 1/16 inch grid. The most preferred anode is platinum and iridium oxide on
a support. A preferred support is titanium.

In order to form microbubbles and nanobubbles, the anode and cathode are separated by a critical
distance. The critical distance ranges from 0.005 inches to 0.140 inches. The preferred critical distance

is from 0.045 to 0.060 inches.
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Models of different size are provided to be applicable to various volumes of aqueous mediun to be
oxygenated. The public is directed to choose the applicable model based on volume and power
requirements of projected use. Those models with low voltage requirements are especially suited to
oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of electrolysis.

A flow-through model is provided which may be connected in-line to a watering hose or to a hydroponic
circulating system. The flow-through model can be formed into a tube with triangular cross-section. In
this model, the anode is placed toward the cutside of the tube and the cathode is placed on the inside,
contacting the water flow. Alternatively, the anodes and cathodes may be in plates parallel to the long
axis of the tube, or may be plates in a wafer stack. Alternately, the electrodes may be placed in a side
tube ("T" model) out of the direct flow of water. Protocols are provided to produce superoxygenated

water at the desired flow rate and at the desired power usage. Controls are inserted to activate
electrolysis when water is flowing and deactivate electrolysis at rest.

This invention includes a method to promote growth and increase yield of plants by application of
superoxygenated water. The water treated with the emitter of this invention is one example of

superoxygenated water. Plants may be grown in hydroponic culture or in soil. The use of the tflow-
through model for drip irrigation of crops and waste water treatment is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O.sub.2 emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O.sub.2 emitter.

FIG. 4 shows 2 funnel or pyramid variation of the O.sub.2 emitter,

FIG. 5 shows a muitilayer sandwich O.sub.2 emitter.

FIG. 6 shows the yield of tomato plants watered with superoxygenated water.

FIG. 7 shows an oxygenation chamber suitable for flow-through applications. FIG. 7A is a cross section
showing arrangement of three plate electrodes. FIG. 7B is a longitudinal section showing the points of

connection to the power source.

FIG. 8 is a graph showing the oxygenation of waste water.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

For the purpose of describing the present invention, the following terms have these meanings:

"Critical distance" means the distance separating the anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.
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"Critical distance” means the distance separating the anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

"O.sub.2 emitter” means a cell comprised of at least one anode and at least one cathode separated by the
critical distance.

"Metal" means a metal or an alloy of one or more metals.
"Microbubble" means a bubble with a diameter less than 50 microns.

"Nanobubble” means a bubble with a diameter less than that necessary {o break the surface tension of
water. Nanobubbles remain suspended in the water, giving the water an opalescent or milky appearance.

"Supersaturated” means oxygen at a higher conceniration than normal calculated oxygen solubility at a
particular temperature and pressure.

"Superoxygenated water” means water with an oxygen content at Jeast 120% of that calculated to be
saturated at a temperature.

"“Water" means any aqueous medium with resistance less than one chim per square centimeter; that is, a
medium that can support the electrolysis of water. In general, the lower limit of resistance for a medium
that can support electrolysis is water containing more than 2000 ppm total dissolved solids.

The present invention produces microbubbles and nancbubbles of oxygen via the electrolysis of water.
As molecular oxygen radical (atomic weight 8) is produced, it reacts to form molecular oxygen, O.sub.2.
In the special dimensions of the invention, as explained in more detail in the following examples,
O.sub.2 forms bubbles which are too small to break the surface tension of the fluid. These bubbles
remain suspended indefinitely in the fluid and, when allowed to build up, make the fluid opalescent or
milky. Only afler several hours do the bubbles begin to coalesce on the sides of the container and the
water clears. During that time, the water is supersaturated with oxygen. In contrast, the H.sub.2 formed
readily coalesces into larger bubbles which are discharged into the atmosphere, as can be seen by bubble

formation at the cathode.

The first objective of this invention was to make an oxygen emitter with low power demands, low
voltage and low current for use with live animals. For that reason, a small button emitter was devised.
The anode and cathode were set at varying distances. It was found that electrolysis took place at very
short distances before arcing of the current occurred. Surprisingly, at slightly larger distances, the water
became milky and no bubbles formed at the anode, while hydrogen continued to be bubbled off the
cathode. At distance of 0.140 inches between the anode and cathode, it was observed that the oxygen
formed bubbles at the anode. Therefore, the critical distance for microbubble and nanobubble formation
was determined to be between 0.005 inches and 0.140 inches.

EXAMPLE 1

Oxygen Emitter

As shown in FIG. 1, the oxygen evelving anode 1 selected as the most efficient is an iridium oxide
coated single sided sheet of platinum on a support of titanium (Eltech, Fairport Harbor, Ohio). The
cathode 2 is a (fraction ( 1/16)} inch mesh (size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 containing a gap 4 for the passage of gas and mixing
of anodic and cathodic water and connected to a power source through a connection point 5. FIG. 2
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shows a plan view of the assembled device. The O.sub.2 emitter 6 with the anode connecting wire 7 and
the cathode connecting wire 8 is contained in an enclosure 9, connected to the battery compartment 10.
The spacer thickness is critical as it sets the critical distance. It must be of sufficient thickness to prevent
arcing of the current, but thin enough to separate the elecirodes by no more than 0.140 inches. Above
that thickness, the power needs are higher and the oxygen bubbles formed at higher voltage will

coalesce and escape the fluid. Preferably, the spacer is from 0.005 o 0.075 inches thick. At the lower
limits, the emitter tends to foul more quickly. Most preferably, the spacer is about 0.050 inches thick.
The spacer may be any nonconductive material such as nylon, fiberglass, Tefilon. RTM., polymer or
other plastic. Because of the criticality of the space distance, it is preferable to have a non-compressible
spacer. It was found that Buna, with a durometer measure of 60 was not acceptable due to
decomposition. Viton, a common fluoroelastomer, has a durometer measure of 90 and was found to hold

its shape well.

In operation, a small device with an O.sub.2 emitter 1.485 inches in diameter was driven by 4AA
batteries. The critical distance was held at 8.050 inches with a Viton spacer. Five gallons of water
became saturated in seven minutes. This size is suitable for raising oxygen levels in an aquarium or bait
bucket.

1t is convenient to attach a control circuit which comprises a timer that is thermostatically controlled by
a temperature sensor which determines the off time for the cathode. When the temperature of the
solution changes, the resistance of the thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given volume, the emitter generates less oxygen.
When the water is warmer and therefore hold less oxygen, the duration of off time is shorter. Thus the
device is self-controlied to use power most economically. FIG. 3 shows a block diagram of a timer
control with anode 1, cathode 2, thermistor temperature sensor 3, timer control circuit 4 and wire from a

direct current power source 5.
EXAMPLE 2

Measurement of O.sub.2 Bubbles

Attempts were made to measure the diameter of the O.sub.2 bubbles emitted by the device of Example
1. In the case of particles other than gasses, measurements can easily be made by scanning electron
microscopy, but gasses do not survive electron microscopy. Large bubble may be measured by pore
exclusion, for example, which is also not feasible when measuring a gas bubble. A black and white
digtial, high contrast, backlit photograph of treated water with a millimeter scale reference was shot of
water produced by the emitter of Example 1. About 125 bubbles were seen in the area selected for
measurement. Seven bubbles ranging from the smallest clearly seen to the largest were measured. The
area was enlarged, giving a scale multiplier of 0.029412.

Recorded bubble diameters at scale were 0.16, 0.22, 0.35, 0.51, 0.76, 0.88 and 1.09 millimeters. The last
three were considered outliers by reverse analysis of variance and were assumed to be hydrogen

bubbles. When multiplied by the scale multiplier, the assumed O.sub.2 bubbles were found to range
from 4.7 to 15 microns in diameter. This test was limited by the resolution of the camera and smaller
bubbles in the nanometer range could not be resolved. It is known that white light cannot resolve
features in the nanometer size range, so monochromatic laser light may give resolution sensitive enough
to measure smaller bubbles. Efforts continue to increase the sensitivity of measurement so that sub-
micron diameter bubbles can be measured.

EXAMPLE 3
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Other Models of Oxygen Emitler

Depending on the volume of fluid to be oxygenated, the oxygen emitter of this invention may be shaped
as a circle, rectangle, cone or other model. One or more may be set in a substrate that may be metal,
glass, plastic or other material. The substrate is not critical as long as the current is isolated to the
electrodes by the nonconductor spacer material of a thickness from 0.005 to 0.075 inches, preferably
0.050 inches. It has been noticed that the flow of water seems to be at the periphery of the emitter, while
the evolved visible bubbles (H.sub.2) arise at the center of the emitter. Therefore, a funnel or pyramidal
shaped emitter was constructed to treat larger volumes of fluid. FIG. 4 is a cross sectional diagram of
such an emitter, The anode 1 is formed as an open grid separated from a marine grade stainless steel
screen cathode 2 by the critical distance by spacer 3 around the periphery of the emitter and at the apex.
This flow-through embodiment is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for oxygenating a bait bucket may be about 2 inches
in diameter, while a 3-inch diameter emitter is adequate for oxygenating a 10 to 40 gallon tank. The live
well of a fishing boat will generally hold 40 to 80 gallons of water and require a 4-inch diameter emitter.
It is within the scope of this invention to construct larger emitters or to use several in a series to
oxygenate larger volumes. It is also within the scope of this invention to vary the model to provide for
low voltage and amperage in cases where the need for oxygen is moderate and long lasting or
conversely, to supersaturate water very quickly at higher voltage and amperage. In the special
dimensions of the present invention, it has been found that a 6 volt battery supplying a current as low as
40 milliamperes is sufficient to generate oxygen. Such a model is especially useful with live plants or
animals, while it is more convenient for industrial use to use a higher voltage and current. Table [ shows
a number of models suitable to various uses.

TABLE-US-00002 TABLE I Emitter Model Gallons Volts Amps Max. Ave Watts Bait keeper 5 6 0.090
0.060 0.36 Livewell 32 12 0.180 0.120 1.44 OEM 2 inch 10 12 0.210 0.120 1.44 Bait store 70 12 0.180
00.180 2.16 Double cycle 2 12 0.180 0.180 2.16 OEM 3 inch 50 12 0.500 0.265 3.48 OEM 4 inch 80 12
0.980 0.410 4.92 Water pail 2 24 1.200 1.200 28.80 Plate 250 12 5.000 2.500 30.00

EXAMPLE 4
Multilayer Sandwich O.sub.2 Emitter

An O.sub.2 emitter was made in a multilayer sandwich embodiment. (FIG. 5) An iridium oxide coated
platinum anode 1 was formed into a grid to allow good water flow and sandwiched between two
stainless steel screen cathodes 2. Spacing was held at the critical distance by nylon spacers 3. The
embodiment illustrated is held in a cassette 4 which is secured by nylon bolt 5 with a nylon washer 6.
The dimensions selected were:

TABLE-US-00003 cathode screen 0.045 inches thick nylon spacer 0.053 inches thick anode grid 0.035
inches thick nylon spacer 0.053 inches thick cathode screen 0.045 inches thick,

for an overall emitter thickness of 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope of this invention to repeat the sequence of
stacking. For example, an embodiment may easily be constructed with this sequence: cathode, spacer,
anode, spacer, cathode, spacer, anode, spacer, cathode, spacer, anode, spacer, cathode. The number of
layers in the sandwich is limited only by the power requirements acceptable for an application.

EXAMPLE 5
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Effect of Superoxygenated Water on the Growth of Plants

It is known that oxygen is important for the growth of plants. Although plants evolve oxygen during
photosynthesis, they also have a requirement for oxygen for respiration. Oxygen is evolved in the leaves
of the plants, while often the roots are in a hypoxic environment without enough oxygen to support
optimum respiration, which can be reflected in less than optimum growth and nutrient utilization.
Hydroponically grown plants are particularly susceptible to oxygen deficit in the root sysiem. UU.S. Pat.
No. 5,887,383 describes a liquid supply pump unit for hydroponic cultures which attain oxygen
enrichment by sparging with air. Such a method has high energy requirements and is noisy.
Furthermore, while suitable for self-contained hydroponic culture, the apparatus is not usabie for field
irrigation. In a report available on the web, it was shown that hydroponically grown cucumbers and
tomatoes supplied with water oxygenated with a device similar to that described in the '429 patent had
increased biomass of about 12% and 17% respectively. It should be noted that when sparged with air,
the water may become saturated with oxygen, but it is unlikely that the water is superoxygenated.

A. Superoxygenated Water in Hydroponic Culture.

Two small hydroponic systems were set up to grow two tomato plants. Circulation protocols were
identical except that the 2 1/2 gallon water reservoir for the Control plant was eroated with and
aquarium bubbler and that for the Test plant was oxygenated with a five-inch strip emitter for two
minutes prior to pumping. The cycle was set at four minutes of pumping, followed by four minutes of
rest. The control water had an oxygen content of about 97% to 103% saturation, that is, it was saturated
with oxygen. The test water had an oxygen content of about 153% to 165% saturation, that is, it was
supersaturated. The test plant was at least four times the volume of the control plant and began to show
what looked like fertilizer burn. At that point the fertilizer for the Test plant was reduced by half. Since
the plants were not exposed o natural light but to continuous artificial light in an indoor environment
without the natural means of fertilization (wind and/or insects), the experiment was discontinued after
three months. At that time, the Test plant but not the Control plant had blossomed.

B. Superoxygenated Water in Field Culture.

A pilot study was designed to ascertain that plants outside the hydroponic culture facility would benefit
from the application of oxygen. [t was decided to use water treated with the emitter of Example 1 as the
oxygen carrier. Since water so treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee "Big Boy") were planted in one-inch diameter peat and dirt plugs encased in
cheese cloth and placed in a tray in a southwest window. Controls were watered once a day with tap
water ("Control™) or oxygenated water ("Test"). Both Controls and Test sprouted at one week. After five
weeks, the Test plants were an average of 11 inches tall while the Controls were an average of nine
inches tall. At this time, May 10, when the threat of frost in Minnesota was minimal, the plants were
transplanted to 13 inch diameter pots with drainage holes. Four inches of top soil was added to each pot,
topped off with four inches of Scott's Potting Soil. The pots were placed outside in a sunny area with at
least eight hours a day of full sun. The plants were watered as needed with either plain tap water
{Control) or oxygenated water (Test). The oxygenated water was produced by use of the emitter of
Example 1 run for one-half hour in a five-gallon container of water. Previous experiments showed that
water thus treated had an oxygen content from 160% to 260% saturation. The Test plants flowered on
Fune 4, while the Controls did not flower until June 18. For both groups, every plant in the group first
had flowers on the same day. All plants were fertilized on July 2 and a soaker hose provided because the
plants were now so big that watering by hand was difficult. The soaker hose was run for one half to one
hour each morning, depending on the weather, to a point at which the soil was saturated with water. One
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half hour after the soaker hose was turned off, about 750 ml of superoxygenated water was applied to
each of the Test plants.

The Test plants were bushier than the Controls although the heights were similar. At this time, there
were eight Control plants and seven Test plants because one of the Test plants broke in a storm. On July
2, the control plants averaged about 17 primary branches from the vine stem, while the control plants
averaged about 13 primary branches from the vine stem. As the tomatoes matured, each was weighed on
a kitchen scale at harvest. The yield history is shown in Table IL

TABLE-US-00004 TABLE II Control, grams Test, grams tomatoes from tomatoes from eight plants/
seven plants/ Week of: cumulative total cumulative total July 27 240 400 August 3 180 420 2910 3310
August 10 905 1325 1830 5140 August 17 410 1735 2590 7730 August 24 3300 5035 2470 10200
August 31 4150 9175 1580 11780 September 15 not weighed 3710 15490 Final Harvest 6435 15620

8895 24385 September 24
The total yield for the eight Control plants was 15620 grams or 1952 grams of tomatoes per plant.

The total yield for the seven Test plants was 24385 grams or 3484 grams of tomatoes per plant, an
increase in yield of about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time. Not only did the Test plants blossom and bear
fruit earlier, but that the Control plants never caught up to the test plants in the short Minnesota growing
season. It should be noted that the experiment was terminated because of predicted frost. All fruits, both
green and red, were harvested and weighed at that point.

EXAMPLE 6
Flow-Through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural uses, an emitter than can oxygenate running
water efficiently was developed. In FIG. 7(A), the oxygenation chamber is comprised of three anodes 1
and cathodes 2, of appropriate size to fit inside a tube or hose and separated by the critical distance are
placed within a tube or hose 3 at 120.degree. angles to each other. The anodes and cathodes are
positioned with stabilizing hardware 4. The stabilizing hardware, which can be any configuration such
as a screw, rod or washer, is preferably formed from stainless steel. FIG. 7(B) shows a plan view of the
oxygenation chamber with stabilizing hardware 4 serving as a connector to the power source and
stabilizing hardware 5 serving as a connector to the power source. The active area is shown at 6.

This invention is not limited to the design selected for this embodiment. Those skilled in the art can
readily fabricate any of the emitters shown in FIG. 4 or 5, or can design other embodiments that will
oxygenate flowing water. One useful embodiment is the "T" model, wherein the emitter unit is set in a
side arm. The emitted bubbles are swept into the water flow. The unit is detachable for easy servicing.
Table II shows several models of flow through emitters. The voltage and flowrates were held constant
and the current varied. The Dissolved oxygen (DO) from the source was 7.1 mg/liter. The starting
temperature was 12.2.degree. C. but the flowing water cooled slightly to 11 or 11.5.degree. C. Without
undue experimentation, anyone may easily select the embodiment that best suits desired characteristics
from Table [II or designed with the teachings of Table IT1.

TABLE-US-00005 TABLE I ACTIVE DO OF* ELECTRODE CURRENT, FLOW RATE SAMPLE
AT MODEL AREA, SQ.IN. VOLTAGE AMPS. GAL/MINUTE ONE MINUTE 2-Inch "T" 2 28.3 0.72
12 N/A 3-inch "T" 3 28.3 1.75 12 N/A 2-plate Tube 20 28.3 9.1 12 8.4 3-Plate tube 30 28.3 12.8 12 9.6
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*Ag the apparatus runs longer, the flowing water becomes milky, indicating supersaturation. The one-
minute time point shows the rapid increase in oxygenation,

The following plants will be tested for response to superoxygenated water: grape vines, letfuce, and
radishes in three different climate zones. The operators for these facilities will be supplied with units for
drip irrigation. Drip irrigation is a technique wherein water is pumped through a pipe or hose with
perforations at the site of each plant to be irrigated. The conduit may be underground or above ground.
Since the water is applied directly to the plant rather than welting the entire field, this technique is
especially useful in arid climates or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irrigation per the usual protoco] for the respective
plants, Growth and yield will be compared to the same plants given only the usual irrigation water. Pest
conirol and fertilization will be the same between test and contro} plants, except that the operators of the
experiments will be cautioned to be aware of the possibility of fertilizer burn in the test planis and to

adjust their protocols accordingly.

It is expected that the superoxygenated plants with drip irrigation will show more improved performance
with more continuous application of oxygen than did the fomato plants of Example 5, which were given
superoxygenated water only once a day.

EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD, due to the bacterial flora. It is desirable to
raise the oxygen content of the waste water in order to cause the flora to floceunlate. However, it is very
difficult to effectively oxygenate such water. Using a 4 inch OEM (sce Table I} with a 12 volt battery,
four liters of waste water in a five gallon pail were oxygenated. As shown in FIG. 8, the dissolved
oxygen went from 0.5 mg/l {o 10.8 mg/l in nine minotes.

Those skilled in the art will readily comprehend that variations, modifications and additions may in the
embodiments described herein may be made. Therefore, such variations, modifications and additions are

within the scope of the appended claims.
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AGREEMENT OF STRICT FORECLOSURE

THIS AGREEMENT OF STRICT FORECLOSURE (the “Agreement”) is made, entered
into and effective as of October 4, 2012 (the “Effective Date™), by and between AQUA
INNOVATIONS INCORPORATED (“Debtor”), a Minnesota corporation, and ROY H. LECY
(“Secured Party”), who holds a certain security interest in the assets of Debtor as set forth below
as security under a certain Promissory Note dated December 1, 2006, executed by Debtor in
favor of Secured Party in the principal amount of Two Hundred Eighteen Thousand Eight
Hundred Twenty-Seven and 29/100 Dollars ($218,827.49) (the “Note”). Either Debtor or
Secured Party may be individually referred to herein as a “party” or collectively as the “parties.”

RECITALS

WHEREAS, Secured Party is a shareholder of Debtor who holds nine hundred twenty-
eight thousand three hundred thirty-four (928,334) shares of Debtor’s common stock and twenty- !
six thousand six hundred sixty-seven (26,667) shares of Debtor’s Preferred Series A stock; and

WHEREAS, Secured Party loaned Debtor various amounts of money over the course of
several years, as documented in the Note; and

WHEREAS, Debtor is in default of its obligations pursuant to the Note; and

WHEREAS, as of December 31, 2011, the sum of Two Hundred Seven Thousand
Ninety-Eight and no/100 Dollars (3207,098.00) remains due and owing Secured Party from
Debtor (the “Qutstanding Debt”); and

WHEREAS, the Note provides Secured Party a security interest in all of Debtor’s
“patents and physical assets™; and

WHEREAS, Secured Party perfected his security interest via the filing of a Uniform
Commercial Code Financing Statement with the Minnesota Secretary of State on or about
February 10, 2012, Filing Number 201227190568; and

WHEREAS, Secured Party is currently the only secured creditor of Debtor; and
WHEREAS, Debtor is no longer a going business concern; and

WHEREAS, Debtor has no viable assets other than its rights as Licensee under that
certain License Agreement dated July 30, 2008 (the “License Agreement™), a copy of which is
attached hereto as Exhibit A, entered into by and between Debtor and Oxygenator Water
Technologies, Inc. (“OWT”), a Minnesota corporation, pursuant to which Debfor holds certain
perpetual, exclusive and royalty free licenses as further described in the License Agreement, any
property of Debtor as set forth in the License Agreement, including but not limited to any
Licensee Documents, Licensee Improvements, Licensee Patents, Licensee Products, Licensee
Property or Licensee Technology, all as defined in the License Agreement and certain shares of
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OWT’s common stock held by Debtor (the “OWT Stock™ or collectively with the License
Agreement and the other property of Debtor set forth herein, the “Collateral™); and

WHEREAS, Secured Party, as Debtor’s sole secured creditor, is entitled to foreclose on
the Collateral securing the Note; and

WHEREAS, Secured Party has agreed and Debtor has consented to Secured Party’s
acceptance of the Collateral in full satisfaction of Debtor’s obligations under the Note in
accordance with Sections 9-620 through 9-622 of the Uniform Commercial Code (the “UCC™),
as adopted in the State of Minnesota as Minnesota Statutes Sections 336.9-620 through 336.9-
622.

AGREEMENTS

NOW, THEREFORE, in consideration of the foregoing, Debtor and Secured Party
hereto agree as follows:

1. Recitals. Debtor hereby acknowledges that the recitals set forth above are true and
correct and such recitals are hereby made a part of this Agreement.

2. Convevance of Collateral; Satisfaction of Outstanding Debt. Pursuant to Minnesota
Statutes Sections 336.9-620 through 336.9-622, Debtor assigns all right, title and interest in and

to the Collateral to Secured Party, agrees to immediately surrender the Collateral to Secured
Party and Secured Party shall retain the Collateral in full satisfaction of the Outstanding Debt.
Debtor shall deliver the Stock Powers Certificate (Assignment Separate from Certificate) for the
OWT Stock attached hereto as Exhibit B to Secured Party contemporaneous with Debtor’s
execution of this Agreement. Secured Party does not assume, and nothing herein shall be
construed to obligate Secured Party to pay, any leases, liabilities or obligations of Debtor.

3. Waiver., Pursuant to Section 9-624 of the UCC, Minnesota Statutes Section 336.9-624,
Debtor hereby waives and renounces all of its rights to notification under Section 9-611 of the
UCC, Minnesota Statutes Section 336.9-611, or any other state in which any Collateral may be
located as to the sale or other disposition by Secured Party of the Collateral and all rights under
Sections 9-620 and 9-623 of the UCC, Minnesota Statutes Sections 336.9-620 and 336.9-623,
regarding acceptance of collateral as discharge of the obligations of Debtor to Secured Party,
mandatory disposition of the Collateral and the waiver of Debtor’s rights to redeem coliateral,
respectively. Debtor further knowingly and intelligently waives any rights it may have to notice
and a hearing before a court of competent jurisdiction, %

4. Representations and Warranties. Debtor represents and warrants the following:

4.1 Debtor has the power and is duly authorized to enter into and perform this
Agreement, and Debtor has complied with and is in good standing with respect to
all laws, statutes and ordinances of all federal, state and local govermmental
entities having jurisdiction over them. Debtor hereby represents and warrants that
this Agreement is a legal, valid and binding agreement, enforceable in accordance
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with its terms and shall be binding upon Debtor and its respective representatives,
successors and assigns.

4.2  Debtor represents, warrants and covenants that it has valid title to all of the
Collateral being turned over herewith.

5. [Intentionally Omitted].
6. Representation by Counsel. Debtor acknowledges that it has been represented by legal

counsel of its choice, Jamie R. Pierce of Hinshaw & Culbertson, LLP, in connection with the
execution and delivery of this Agreement.

7. Notices. Any notice required or permitied under this Agreement shall be in writing and
shall be deemed to be given when and if sent by certified mail, return receipt requested, postage
pre-paid, properly addressed as follows, or such other address as may hereafter be designated in
writing by either of the parties:

Secured Party: Roy Lecy
¢/o Nathan M. Brandenburg

Siegel Brill, P.A.
100 Washington Avenue South, Suite 1300
Minneapolis, MN 55401

Debtor: Aqua Innovations Incorporated
6101 Baker Road, Suite 206
Minnetonka, MN 55345

With a copy to:

Jamie R. Pierce

Hinshaw & Culbertson, LLP

333 South Seventh Street, Suite 2000
Minneapolis, MN 55402

8. Amendments, Waivers, Assignment. No amendment, waiver or assignment of the
provisions of this Agreement shall be effective unless the same shall be in writing and be signed
by the party against whom it is to be enforced, and then such amendment, waiver or assignment

shall be effective only in the specific interest and for the specific purpose which given.
9. Necessary Documents. The parties agree that they shall execute any and all documents
necessary to carry out the terms and conditions of this Agreement.
10.  Governing Law; Venue. This Agreement shall be governed and construed under and in
accordance with the laws of the State of Minnesota. Any dispute arising under this Agreement
Agreement of Strict Foreclosure 3
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and/or between the parties shall be venued in the state and federal courts located in Minneapolis,
Minnesota.

11.  Eatire Agreement. This Agreement contains the entire Agreement by and between the
parties hereto with respect to the transactions contemplated herein, which shall supersede any
prior oral negotiations and agreements and shall be binding upon the parties hereto and their
successors and assigns,

12. Merger. All prior oral and written communications, commitments, alleged
commitments, promises, alleged promises, agreements and alleged agreements by or between
Secured Party and Debtor are hereby merged into this Agreement.

13.  Severability. If any part of this Agreement is held to be illegal, invalid or unenforceable,
the remainder of this Agreement shall continue in full force and effect, notwithstanding such
illegality, invalidity or unenforceability.

14.  Headings. The section headings in this Agreement are included herein for convenience
or reference only and shall not constitute a part of this Agreement for any other purposes.

15.  Successors and Assions. This Agreement shall be binding upon and shall inure to the
benefit of the parties hereto and their respective successors and assigns, except that Debtor may
not assign or transfer its rights or obligations hereunder without the prior written consent of
Secured Party.

16.  Counterparts. This Agreement may be executed in one or more counterparts, each of
which shall be deemed to be an original and all of which shall constitute one and the same
instrument.

17.  Indemmification. Debtor agrees to indemnify, defend and hold Secured Party, his
respective employees, agents, representatives and attorneys harmless from any claim or cause of
action {except for a claim of fraud against Secured Party) by any third party based in whole or in
part upon the terms of this Agreement or their actions or omissions in fulfilling or enforcing this
Agreement or based upon any failure by Debtor to pay all taxes, or other indebtedness or fulfill
any obligations they may have with other third parties which may be affected by this Agreement
or the omissions or actions of the parties relative thereto.

[This space intentionally left blank; signature page follows.] |
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IN WITNESS WHEREOF, Secured Party and Debtor hereto have executed this
Agreement as of the Effective Date.

Debtor: Aqua Innovations Incorporated

(el (]

By _ Ulswsr ) Lz
Tts: Chert  Secutive ol ese

STATE OF MINNESOTA )
) SS.
COUNTY OF HENNEPIN )

Thig. document was knowledged before me on October 4; , 2012, by

@/wj 184 , as&ld/ Keeatiot (/54 ien of Aqua Innovations Incorporated, a Minnesota
céfporation, v ”
Notary Stamp: )0

G | AURIE LYNN HONZAS dilst 74/"’%"

Notary Public-Minnesota Notary Signature </

Roy H. Lecy
STATE OF MINNESOTA )
) sS.
COUNTY OF HENNEPIN )
This document was acknowledged before me on September , 2012, by Roy H. Lecy,
an individual resident of the State of Minnesota.
Notary Stamp: %
Notary Signature |
M:\26141-0015Striet Foreclosure Agreement 05
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IN WITNESS WHEREOF, Secured Party and Debtor hereto have executed this @
Agreement as of the Effective Date. |

Debtor: Aqua Innovations Incorporated
By: —
Its:
STATE OF MINNESOTA )
) 8S.
COUNTY OF HENNEPIN )
This document was acknowledged before me on September , 2012, by
, as of Aqua Innovations Incorporated, a Minnesota
corporation.
Notary Stamp:

Notary Signature

Secured Party: Q
\ EK Q@L«ﬂ

Roy H. Lecy d
STATE OF MINNESOTA )
) ss.
COUNTY OF HENNEPIN )
October

This document was acknowledged before me on Septemsber ¥, 2012, by Roy H. Lecy,
Notary Stamp:

an individual resident of the State of Minnesota.
TARI K. HAUNTY <D A W B

Notary Public-Minnesota Notary Signature
"</ My Gomrmigsien Expives Jan 31, 2015 g[l
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EXHIBIT A
LICENSE AGREEMENT
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EXHIBIT A
LICENSE AGREEMENT
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. AMENDMENT TO LIC

THIS AMENDMENT TO LICENSE
made, entered into and effective as of October 4,
WATER TECHNOLOGIES, INC. (“Licensor™),
as Water D.0.G. Works, and ROY H. LECY (*
certain License Agreement dated July 30, 2008 @
by and between Licensor and Aqua Innovati
corporation. Licensor and Lecy may be individ
collectively as the “parties.”

WHEREAS, Licensor, as Licensor, and

. AGREEMENT

REEMENT (the “Amepdment”), is
012, by and between OX YGENATOR
Minnssota cotporation doing business
"), and amends certain terms of that

¢ “License Agreement”), entered into

. Incorporated (“Agua™), a Minnesota
ly referred to heroin as a “pafy” of

Aqus, as Liconsee, entered into the

License Agreement on or sbout July 30, 2008, copy of which is aitauh@ hereto as

Exhibit A; and

WHERFEAS, pursuant fo an Agreement
2012, Agqua conveyed all right, title and interest it
and .

of Strict Forecloswe dated October 4,
held in the License Agreement to Lecy;

WEHEREAS, the perties desire to foxmally amend the License Agreement to

reflect Lecy's interest in the Agresment via this Al
NOW THEREFORE, it is hereby agreed

endment,

as follows:

i Incorporation of Reeitals. The recitals sgt forth above are true and comect and

CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 138 of 1320

Page 138

incorporated as.if filly stated herein.

2. en of Li
Licensee shall mean Roy H. Lecy and not Aq
acquisition by Leey of all right, title and jnterest
furiher acknowledges and agrees that the License
force and effect and that Lecy may assign his inte

Full Foree and L

3 11l ko ng X
exhibyt thereto sha

Agreement or any schedule

" and the License Agreement shall remain in full

Amepdment and the parties hereby reaffirm their i

Oxygenator Water Technologies, Ine.

it keferences in the License Agreement to

a. Licensor hereby aclmowledges the
of Aqua in the License Agreement and
A greement is a binding eontract in fill
pst therein at will

. Np other terms of the License
be amended or modified I any way
force and effoct as amended via this
wapeciive obligations thereunder.

A

v b

Mtcrlidtr

" fpRY A2

i

H, Lecy
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PATENT ASSIGNMENT
Electronic Version v1.1
Stylesheet Version v1.1
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: LICENSE
CONVEYING PARTY DATA
| Name || Execution Date |
[Roy H Lecy 1010472012 |
RECEIVING PARTY DATA
|Name: ||02 Marine Technologies, Inc. |
street Address:  |[6651 Hazeltine Boulevard |
lcity: ||Excelsior |
|State/Country: |IMINNESOTA |
[Postal Code: 155331 |
PROPERTY NUMBERS Total: 3
‘ Property Type ” Number |
| Patent Number: | 6689262 |
‘ Patent Number: ” 7396441 |
|Patent Number. | 7670405 |
CORRESPONDENCE DATA
Fax Number: 6123396591
Correspondence will be sent via US Mail when the fax attermpt is unsuccessful.
Phone: 6123376100
Email: nathanbrandenburg@siegelbrill.com
Correspondent Name: Nathan M. Brandenburg
Address Line 1: 100 Washington Avenue South
Address Line 2: Suite 1300
Address Line 4: Minneapolis, MINNESOTA 55401
ATTORNEY DOCKET NUMBER: 25991-002
NAME OF SUBMITTER: Nathan M. Brandenburg
Signature: /nathanmbrandenburg/
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Date:

04/30/2013

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 5

source=Patent Sublicense Agreement#page1.tif
source=Patent Sublicense Agreement#page?2.tif
source=Patent Sublicense Agreement#page3.tif
source=Patent Sublicense Agreement#page4.tif
source=Patent Sublicense Agreement#page5.tif
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PATENT SUBLICENSE AGREEMENT

THIS PATENT SUBLICENSE AGREEMENT (this “Agreement”) is made, entered into.
and effective as of October 4, 2012 (the “Effective Date™) by and between ROY H. LECY
(“Sublicensor”), & Mimmesota resident, and Q2 MARINE TECHNOLOGIES, INC.
(“Sublicensee™), a Minnesota corporation. Sublicgnsor or Sublicensee may be individually
referred to herein as a “party” or collectively as the “parties ”

WHEREAS, Sublicensor is the holder of cettain patent licenses as set forth in a certain
License Agresment dated July 30, 2008, entered | into by and between Oxygenator Water
Technologies, Inc. (“QWT™), as Licensor, and Aqua Tnmovations Incorporated (“Aqua”), as
Licensee (the “License Agregment”), as amended via a certain Amendment to License
Agreement dated October 4, 2012 (the “Amendment” or collectively with the License
Agreerpent, the “Ljcense Agregment”), pursuant to which Roy H. Lecy acquired all right title
and interest of Aqua in the License Agreement; and

WHEREAS, copies of the License Agreement and Amendment are atiached hereto as
Exhibit A.
NOW THEREFORE, the parties hereby agree as follows:

"'1.1  Licepse.  Sublicensor warraots he holds |a valid license pussuant to the License
Agreement for United States Patent Number 6,689,262 B2 issued on February 10, 2004, entitled
“Microbubbles of oxygen,” United States Patent Nuymber 7,396,441 B2 issued on July 8, 2008,
entitled “Flow-through oxygenator,” and United States Patent Nuwber 7,670,495 issued on
Mareh 2, 2010, entitled “Flow-through oxygenator” (collectively, the “Licensed Patents” or each

a “Licensed Patent”). _
|

12  Grant of Sublicense. Effective upon execution of this Agrcement, and for consideration
stated in Article Three of this Agreement, Sublicensor grants to Sublicensee a royalty baged,
limited, exclusive sublicense to make, sell, and offer for sale products covered by the Licensed
Patents in the United States and to sell and offer for] sale in any country products covered by the
Licensed Patents (the “Licensed Products™), subject fo the limitations set forth in this Agreement.
The Licensed Patents are sublicensed “As Is” and out warranty of any kind by Sublicensor.

ARTICLE TWO
LICENSED FIELD

2.1  Licensed Field Sublicensee may sell aEld offer for sale only Licensed Products
manufactured for retail sale and use in the sport fishing industry (the “Licensed Field”) and for
" no other purposes. Sublicensee hereby agrees to pffer for sale and to sell only the Licensed
Products in the Licensed Field. Sublicensee acknowledges and agrees that if Sublicensee offers
for sale or sells the Licensed Products outside the [Licensed Field such activity by Sublicensee
will be deemed a material breach of this Agreement and Sublicensor shall have the right to
terminate this Agreement without notice.

JA139
OWT Ex. 2118
Tennant Company v. OWT
IPR2021-00625

Page 141



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 142 of 1320

ARTICLE THREE
ROYALTY

3.1  Rovaity. Sublicensee shall pay royaltics to Sublicensor at a rate of five percent (5%) of
the net eceipts realized by Sublicensee upon any Licensed Products sold by Sublicensee. For

urposes of this Agreement, “net receipts” shall mean gross sale proceeds, less cost of goods
sold, freight, discounts offercd by Sublicensee, returns and other costs or expenses incurred by
Sublicensee in the manufacture and sale of the Licensed Products. Any royalties shall be paid to
Sublicensor on a calendar quarterly basis, sixty (60) days after the end of each calendar quarter
(May 30, August 30, December 30 and March 1 or 2). ‘

32 Accounting. For all Licensed Products sold|by Sublicensee, Sublicenses will account to
Sublicensor on a calendar quarterly basis, indicating the pumber of Licensed Products sold
within thirty (30) days following the end of each calendar quarter for the term hereof.
Sublicensee shall make such accountings to Sublicensor via paper or electronic accounting
statements in a mutually accepted compatible format. Sublicensee agrees to keep and maintain
true and accurate records and books of account in conmection with all sales related to any such
products and all transactions related thereto or oth ise contemplated under this Agreement,
and shall retain all such records and books for a period of not less than five (5) years after each
accounting to Sublicensor. Sublicensor, by its designated representative, shall have the right,
upon reasonable written notice, and during normdl office hours, to examine the books and
records of Sublicensee, as the same pertain to the subject matter of this Agreement, and to make
copies and extracts thereof. Sublicensee shall cooperate with Sublicensor’s representatives to
assist them in understanding all such material. If, 4s a result of any audit, it is determined that
Sublicensee has understated the royalties due to Sublicensor by ten percent (10%) or more,

_ Sublicensee shall pay to Sublicensor the amount by which royalties have been wnderstated plus a
ten percent (10%) penalty fee, and shall reimburse Stiblicensor for the cost of the audit.

4.1 Packaging. Sublicensec shall use its own| tradenawe or trade or servicemark on the
packaging for the Licensed Products. In no event|shall Sublicensee use any of Sublicensor’s
trademarks on the packaging for the Licensed Produgts.

ARTICLE FIVE
LICENSED PRODUCT REVIEW
51  Licensed Product Review Sublicensor shall bave the right to review the Licensed

Products and packaging for the Licensed Products
prior to first sale of the Licensed Products and ther

be sold or offered for sale by Sublicensee
er on a quarterly basis. Sublicensor shall

have the right to provide suggestions conceming the|quality and design of the Licensed Products,
including packaging, to be sold or offered for sale by Sublicensee. If Sublicensor determines the
quality of Licensed Products and/or packaging on the Licensed Products is unacceptable to
Sublicensor, Sublicensor shall work with Sublicgnsee and offer suggestions to make the
Licensed Products suitable and ready for market. Sublicensor and Sublicensee shail be willing to
mutually werk together in a reasonable manner without undue restriction.

2
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ARTICLE SIX
MARKETING

6.1  Marketing. Sublicensee shall mark all Licensed Products made, used or sold under the
terms of this Agreement with the following: “Protec d by U.S. Patent Nos. 6,689,262, 7,396,441
and 7,670,495. Other Patents Pending.”

LES
TERM

VE

74  Term. The sublicense so granted pursuant to this Agreement shall be effective from the
Effective Date and shall terminate with respect to p Licensed Patent on the expiration of the

Licensed Patent, subject to Section 7.2 of this Agreement.
72  Termination Notwithstanding Section 7.} of this Agreement, this Agreement shall
terminate:

7.2.1  Upon the mutual agreement of the parfics;

722 Upon ten (10) days’ written notice from Sublicensor to Sublicensee upon
Sublicensee’s failure to pay any royalty due and owing Sublicensor;

723 Immediately if Sublicensee files of |a petition of bankruptcy, or a petition or
answer seeking reorganization, readjpstmernt or rearrangement of its business or
alfairs under any law or governmental regulation relating to bawkruptcy or
insotvency;

7.2.4 Immediately if in Sublicensor’s reasonable business judgment Sublicensee
undertakes any action that derogates| disparages or impairs any of the Licensed
Patents;

7.2.5 Immediately upon the terms of Section 2.1 of this Agreement; or
726 Upon ninety (90) days’ written uptice from Sublicensor to Sublicensee if

Sublicensee fails to actively sell arly Licensed Products or otherwise fails to
actively and diligently utilize the sublicense granted by this Agreement.

81 Notice. Sublicensee shall inform Sublicensor within thirty (30) days and in writing of
any alleged infringement of the Licensed Patents by p third party.

8.2 Legal Action; Mutual Cooperation. Sublicensor shall have the right, but shall not be
obligated, to prosecute at its own. expense any infringement of the Licensed Patents and, m
furtherance of such right, Sublicensee hereby agrees that Sublicensor may, if required by law or
otherwise, include Sublicensee as a party plainjiff in any such suit, without expense to

3
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Sublicensee. The total cost of any such infringement action commenced or defended solely by
Sublicensor shall be bome by Sublicensor, and Sublifensor shall keep any recovery or damages.
Tn the event that any action alleging invalidity, non-enforceability, or non-infringement of any of
the Licensed Patents shall be brought by a third pary, Sublicensor, at its option, shall have the
right to defend such actions. '

ARTICLE
INDEMNIFICATION

91 Indemnification. Sublicensee shall ind , defend, and hold harmless Sublicensor
from any and all actions, claims, suits, losses, liabilities, damages, costs, fees, and expenses
(including attorney fees) resulting from or arising ot of the exercise of the Sublicensee’s rights
granted under this Agreement. This indemmnification shall include, but is not limited to, any and
all actions alleging product liability, patent infringement, or other type of intellectus] property
matter.

ARTICLE TEN
GENERAL TERMS

10.1 Assignmept. The rights and sublicenses granted by Sublicensor in this Agreement are
personal to Sublicensee and may not be assigned (ﬁ‘ otherwise transferred without the written
consent of Sublicensor. Sublicensor may provide such consent upon request from Sublicensee
for any assignment to a third party who is acquiring substantially all of the business assets of
Sublicensee, but Sublicensor reserves the right to deny consent if the third party 15 a competitor
of Sublicensor. :

102 Sublicense. The rights and license granted by Sublicensor in this Agreement may not be
sublicensed by Sublicensee without the written consent of Sublicensor.

10.3 Confidentialitv. Sublicensor and SubliccnsJe both agree the terms of this Agreement are
confidential and shall not be disclosed to any third péi.rty.

104 Governing Law. This Agreement shall be construed and enforced according to the laws
of the State of Minnesota. Any disputes arising opi of, under, or relating to the negotiation,
drafting, execution, validity, interpretation, breach, or enforcement of this Agreement shall be
venued in the state or federal courts located in Minneapolis, Minnesota.

10.5 Entire Agreement. Sublicepsee and Spblicensor acknowledge receipt of this
Agreement and agree that with respect to the subjeqt matter hereof this Agreement is the entire
agreement of the parties and supersedes amy previous oral or written communications or
understandings, and that each provision has been given due consideration and accepted without
duress.

10.6 Attorneys’ Fees. In the event that any procgeding, suil or action is brought by any party
under this Agreement to enforce any of its terms, it is agreed that the prevailing party shall be
eptitled to reasonable attorneys’ fees to be fixed by the trial and appellate courts in any such
proceeding or as incurred in the collection of any jut?gment.

‘|
|
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and electronic copies and photocopies of the parties’
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in counterparts by the parties hereto with
ed the same original agreement. Facsimile
signatures to this Agreement shall be valid

and enforceable to the same extent as original signatores and the parties hereby waive any

requirement that original signatures be produced as
otherwise enforcing this Agreement

IN WITNESS WHERECF, Sublicensor and
as of the Effective Date.

Sublicensor; (

a condition of proving the validity of or

Sublicensee have executed this Agreement

4

Ro

LU H. Lecy

Sublicensee: , 02 WO?ES, INC.

/
By

Tts:

Dennis Ctafk

President
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PATENT ASSIGNMENT
Electronic Version v1.1
Stylesheet Version v1.1
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
| Name || Execution Date |
|Aqua Innovations, Inc. ||10/04/2012 |
RECEIVING PARTY DATA
|Name: ||Roy H Lecy |
street Address:  [2640 North Saunders Lake Drive |
lcity: |[Minnetrista |
|State/Country: |IMINNESOTA |
[Postal Code: |l55364 |
PROPERTY NUMBERS Total: 3
‘ Property Type ” Number |
| Patent Number: | 6689262 |
‘ Patent Number: ” 7396441 |
|Patent Number: | 7670405 |
CORRESPONDENCE DATA
Fax Number: 6123396591
Correspondence will be sent via US Mail when the fax attermpt is unsuccessful.
Phone: 612-337-6100
Email: nathanbrandenburg@siegelbrill.com
Correspondent Name: Nathan M. Brandenburg
Address Line 1: 100 Washington Avenue South
Address Line 2: Suite 1300
Address Line 4: Minneapolis, MINNESOTA 55446
ATTORNEY DOCKET NUMBER: 26141-001
NAME OF SUBMITTER: Nathan M. Brandenburg
Signature: /nathanmbrandenburg/
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Date: 04/30/2013

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 27

source=License Amendment - Signed#page1.tif
source=OWT - Aqua License#ipage1.tif
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. AMENDMENT TO LIC

THIS AMENDMENT TO LICENSE
made, entered into and effective as of October 4,
WATER TECHNOLOGIES, INC. (“Licensor™),
as Water D.0.G. Works, and ROY H. LECY (*
certain License Agreement dated July 30, 2008 @
by and between Licensor and Aqua Innovati
corporation. Licensor and Lecy may be individ
collectively as the “parties.”

WHEREAS, Licensor, as Licensor, and

. AGREEMENT

REEMENT (the “Amepdment”), is
012, by and between OX YGENATOR
Minnssota cotporation doing business
"), and amends certain terms of that

¢ “License Agreement”), entered into

. Incorporated (“Agua™), a Minnesota
ly referred to heroin as a “pafy” of

Aqus, as Liconsee, entered into the

License Agreement on or sbout July 30, 2008, copy of which is aitauh@ hereto as

Exhibit A; and

WHERFEAS, pursuant fo an Agreement
2012, Agqua conveyed all right, title and interest it
and .

of Strict Forecloswe dated October 4,
held in the License Agreement to Lecy;

WEHEREAS, the perties desire to foxmally amend the License Agreement to

reflect Lecy's interest in the Agresment via this Al
NOW THEREFORE, it is hereby agreed

endment,

as follows:

i Incorporation of Reeitals. The recitals sgt forth above are true and comect and
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incorporated as.if filly stated herein.

2. en of Li
Licensee shall mean Roy H. Lecy and not Aq
acquisition by Leey of all right, title and jnterest
furiher acknowledges and agrees that the License
force and effect and that Lecy may assign his inte

Full Foree and L

3 11l ko ng X
exhibyt thereto sha

Agreement or any schedule

" and the License Agreement shall remain in full

Amepdment and the parties hereby reaffirm their i

Oxygenator Water Technologies, Ine.

it keferences in the License Agreement to

a. Licensor hereby aclmowledges the
of Aqua in the License Agreement and
A greement is a binding eontract in fill
pst therein at will

. Np other terms of the License
be amended or modified I any way
force and effoct as amended via this
wapeciive obligations thereunder.

A

v b

Mtcrlidtr

" fpRY A2

i

H, Lecy
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License Agreement

THIS AGREEMENT ("Agreement") is entered into this 30th day of July, 2008 (the
"Effective Date"), by and between Oxygenator Water Technologies, Inc., a Minnesota
corporation with offices at 6101 Baker Rd., #2086, Minnetonka, Minnesota, 55435
("Licenser") and Agua Innovations, Inc. a Minnesota corporation with offices at 6101 Baker
Rd., #2086, Minnetonka, Minnesota, 55435 ("Licensee”, and Licensor and Licensee each a
"Party" and together the "Parties"). Initially capitalized terms defined in this Agreement
shall have the meaning ascribed fo them respectively herein.

WITNESSETH:

LICENSOR owns the technology for which patents have been issued and are
pending with respect to electrolytic hydrolysis of water to increase its dissolved oxygen
content. A more complete description of said technology, together with a description of the
patents issued and currently pending for said technology, is set forth in Article 1 below and
in Exhibit "A" attached hereto.

LICENSOR anticipates and intends that it will make additional discoveries and
improvements to said technology, some of which may be patentable.

It is further anticipated by the parties that LICENSOR may make improvements to
said technology and additional discoveries concerning other applications for said
technology.

The parties desire that LICENSOR grant a perpetual, exclusive license to
LICENSEE to develop and sell throughout the world certain products utilizing the
technology LICENSOR has developed and may in the future develop, all according to the
terms and conditions set forth in this Agreement.

The parties further desire that LICENSOR will retain the complete and entire right to
develop and sell throughout the world in markets not licensed to LICENSEE hereunder
products utilizing the technology LICENSOR has developed and may in the future develop
or the technology that LICENSEE may develop in the future, also according to the terms
and conditions set forth in this Agreement.

Thus, the parties have agreed to enter into a licensing arrangement by which each
party will be entitled to benefit from the other party’s patents, technology and know-how
concerning electrolytic hydrolysis of water in the sale of products in certain markets.

NOW, THEREFORE, based on the foregoing and the mutual covenants and
agreements herein contained, the parties hereby covenant and agree as follows:
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EXHIBIT B’

LICENSEE Marketls

Al worldwide markets for:

Waste Water Treatment

Medical Applications

Spoit Fishing

Aqua Culitere

Horticullurs {consumer and commercial)
Hydraponics

e % & B % 2

Markets excluded from ficense agreement (including but not limited to):

« Water Traatment (all applications except waste water)

»  Ferfmentation

¢ Dasalination

« Human Nutrition

«  Animal Nutition
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ARTICLE 1
DEFINITIONS

When used in this Agreement, the following terms have the meanings set forth
below unless a different and common meaning of the term is clearly indicated by the
context, and variants and derivatives of the following terms shall have correlative
meanings:

"Agreement” has the meaning set forth in the preamble.
"LICENSOR Documents” has the meaning set forth in Section 2.6.

"LICENSOR Improvements" means all developments LICENSOR may make in the
LICENSOR Technology or the LICENSEE Technology prior fo the termination of
this Agreement, whether or not patentable, and which are invented, developed,
discovered or otherwise acquired by LICENSOR and which LICENSOR may
lawfully communicate to LICENSEE.

"LICENSOR Markets" means all uses for the LICENSOR Technology and the
LICENSEE Technology other than in the LICENSEE Markets.

"LICENSOR Patents” means all of LICENSOR's patents (whether issued to
LICENSOR or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others, and patents pending now, or during the term of this
Agreement, issued to LICENSOR (by any country} relating to the LICENSOR
Technology, inciuding, but not limited fo, those patents and those patents pending
described on Exhibit A and any continuations, continuations-in-part, divisions,
registrations, confirmations, reissues, renewals or extensions of term thereof.

"LICENSOR Products" means any product manufactured and/or sold or distributed
by LICENSOR or a sub licensee of LICENSOR under any claim contained in the
LICENSEE Patents.

"LICENSOR Property" means LICENSOR Patents, LICENSOR Improvements and
LICENSOR Technology.

"LICENSOR Technology’” means LICENSOR's unpatented technology and
information now existing and relating to, and embodying LICENSOR's experience in
electrolytic hydrolysis of water. LICENSOR Technology shall include the technical
information in all current and fuiure manuals, formulae, specifications, test data and
procedures, flow charts, apparatus plans, drawings, designs and other information
actually communicated by LICENSOR to LICENSEE during the term of this
Agreement, whether contained in documentary form, electronic medium or
communicated as a result of LICENSOR imparting the same directly or giving
LICENSEE access fo any of LICENSOR's production facilities.
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“Effective Date” has the meaning set forth in the preamble.
"LICENSEE Documents” has the meaning set forth in Section 2.7.

“LICENSEE Improvements" means all developments LICENSEE may make in the
LICENSOR Technology or the LICENSEE Technology prior to the termination of
this Agreement, whether or not patentable and which are invented, developed,
discovered or otherwise acquired by LICENSEE and which LICENSEE may lawfully
communicate to LICENSOR.

"LICENSEE Markets" means those markets for Licensee Products as are
described in Exhibit B attached hereto.

"LICENSEE Patents" means all of LICENSEE's patents (whether issued to
LICENSEE or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others) which may after the effective date of this
Agreement be issued (by any country) relating to electrolytic hydrolysis of water and
any continuations, continuations-in-part, divisions, registrations, confirmations,
reissues, renewals or extensions of term thereof.

“LICENSEE Products"” means any product manufactured and/or sold or distributed
to any party other than LICENSOR by LICENSEE or a sublicense of LICENSEE in
conformity with the terms of this Agreement, including, but not limited to, any
product which is based on any claim or thing contained in any LICENSOR Property.

"LICENSEE Property’” means LICENSEE Patents, LICENSEE Improvements and
LICENSEE Technology.

"LICENSEE Technology' means LICENSEE's unpatented technology and
information which LICENSEE may develop relating to, and embodying LICENSEE's
experience in, the manufaciuring, the processing, quality control, and sale of the
LICENSEE Products. LICENSEE Technology shall include the technical information
in all manuals, formulae, specifications, test data and procedures, flow charts,
apparatus plans, drawings, designs and other information actually communicated
by LICENSEE to LICENSOR during the term of this Agreament, whether contained
in documentary form, electronic medium or communicated as a result of LICENSEE
imparting the same directly or giving LICENSOR access to any of LICENSEE's
production facilities.

"Territory" means the world.
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ARTICLE 2
MARKETS AND LICENSING

2.1. Exclusive Markets. The parties agree that unless properly terminated by
LICENSOR pursuant to Section 5.1 below, LICENSEE will have the exclusive right to
exploit the LICENSOR Property and the LICENSEE Property in the manufacture, use and
sale or other distribution of LICENSEE Products in the LICENSEE Markets in the Territory.
The parties further agree that LICENSOR will have the exclusive right to exploit the
LICENSOR Property and the LICENSEE Property in the manufacture, use and sale or
other distribution of LICENSOR Products in the LICENSOR Markets in the Territory.
LICENSEE may not, directly or indirectly, distribute in any manner any product which
competes with the LICENSEE Products in any manner nor may LICENSEE assist or have
any interest in any third party distributing any such products through licensing or
assignment of technology to any such third party or by any other means.

2.2. Exclusive License to LICENSEE. Subject to the terms and conditions of this
Agreement, LICENSOR hereby confers upon LICENSEE the sole and exclusive license,
with the right of sublicense, under the LICENSOR Property, to make, have made, use and
sell the LICENSEE Products in the LICENSEE Markets in the Territory and to prevent
infringement of the LICENSOR Patents, and to prevent unauthorized use and disclosure
of the LICENSOR Technology in connection therewith. No license is conferred hereby to
make, have made, use and sell articles which are not LICENSEE Products.

2.3. Exclusive License to LICENSOR. Subject to the terms and conditions of this
Agreement, LICENSEE hereby confers upon LICENSOR the sole and exclusive, royalty-
free license, with the right of sublicense, under the LICENSEE Property, to make, have
made, use and sell the LICENSOR Products in the LICENSOR Markets in the Territory
and to prevent infringement of the LICENSEE Patents, and to prevent unauthorized use
and disclosure of the LICENSEE Technology in connection therewith. No license is
conferred hereby fo make, have made, use and sell articles which are not LICENSOR
Products.

2.4. Product Markings. The Parties shall insure that all LICENSOR Products
and all LICENSEE Products are marked with any applicable patent number and all
labeling and other product information shall be marked in such manner as to conform with
the patent laws and practices of the country of sale.

2.5 Transfer of Technology by LICENSOR. As promptly as practicable after
the execution of this Agreement, LICENSOR shall deliver to LICENSEE all information
concerning the LICENSOR Property. LICENSOR also promptly shall deliver to LICENSEE
all future information it acquires concerning the LICENSOR Property. All documentary
information so delivered or any documentary information following non-documentary
disclosure by LICENSOR, shall be referred to as “LICENSOR Documents™. LICENSEE
shall receive, use, maintain, restrict access to or copying of, and safeguard the
LICENSOR Documents in such manner as to maximize the value of the LICENSOR
Patents, the LICENSOR Technology and the LICENSOR Improvements; without limiting
the generality of the foregoing, LICENSEE shali, and shall cause its employees and

JA151
OWT Ex. 2118
Page 153 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 154 of 1320

representatives to, use reasonable care to prevent unauthorized access to, copying, use,
publication, disclosure or other dissemination of the LICENSOR Documents. Upon 10
days advance notice and at reasonable times, LICENSOR shall permit LICENSEE access
to its technical personnel at its offices or at such locations as is mutually agreed upon by
the Parties. During such visits, technically competent personnel will be provided by
LICENSOR to answer fully such questions as LICENSEE may have with a view to
transferring the LICENSOR Property. Nothing in this Section 2.6 shali require LICENSOR
to disclose to LICENSEE any technological information which it does not own or that is
otherwise subject to restrictions on use or disclosure.

2.6. Transfer of Technology by LICENSEE. As promptly as practicable after
LICENSEE develops, discovers or otherwise comes into possession of LICENSEE
Patents, LICENSEE improvements and/or LICENSEE Technology, LICENSEE shall
deliver to LICENSOR all information concerning same. All documentary information so
delivered or any documentary information following non-documentary disclosure by
LICENSEE, shall be referred to as “LICENSEE Documents.” LICENSOR shall receive,
use, maintain, restrict access to or copying of, and safeguard the LICENSEE Documents
in such manner as to maximize the value of the LICENSEE Patents, the LICENSEE
Technology and the LICENSEE Improvements; without fimiting the generality of the
foregoing, LICENSOR shall, and shall cause its employees and representatives to, use
reasonable care to prevent unauthorized access to, copying, use, publication, disclosure
or other dissemination of the LICENSEE Documents. Upon 10 days advance notice and at
reasonable times, LICENSEE shall permit LICENSCR access to its technical personnel at
its offices or at such locations as is mutually agreed upon by the Parties. During such
visits, technically competent personnel will be provided by LICENSEE to answer fully such
questions as LICENSOR may have with a view to transferring to LICENSOR the
LICENSEE Property. Nothing in this Section 2.7 shall require LICENSEE to disclose to
LICENSOR any technological information which it does not own or that is otherwise
subject to restrictions on use or disclosure.

2.7. Further Prosecution of Patents. LICENSOR will continue with the prompt
prosecution of all pending patent applications filed by LICENSOR as detailed on Schedule
‘A’ so long as it is commercially reasonable to do so, and LICENSOR will periodically
advise LICENSEE of the status of such prosecutions. As soon as practical, the Parties will
confer to determine the countries for which the Parties desire protection for the
LICENSOR Patents. In the event that LICENSEE files an application for a patent(s)
covering electrolytic hydrolysis of water, LICENSEE will periodically advise LICENSOR of
the status of the prosecution of any such patent. As soon as practical after any such
application by LICENSEE, the Parties will confer to determine the countries for which the
Parties desire protection for the LICENSEE Patents. From the date of this Agreement, all
expenses incurred in filing for and maintaining protection in those countries mutually
agreed upon (other than expenses of prosecuting the original patent application in the first
jurisdiction, which will be the responsibility of the Party filing the patent application) will be
shared equally by the Parties. Either Parly may seek protection in any country not mutually
agreed upon by paying the full amount of the cost thereof. A party seeking such additional
protection will receive the full cooperation of the other Party (other than in paying the
expenses thereof) in protecting all patents in any such other country.
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2.8. Additional Covenants. Each of LICENSOR and LICENSEE shall faithfully
comply with their respective obligations under this Agreement and shall incorporate all
terms and conditions required by this Agreement in any contracts with third parties fo
whom access to the LICENSOR Property or the LICENSEE Property, as the case may be,
may (but only in accordance with this Agreement) be given. Each of LICENSOR and
LICENSEE shall indemnify and hold harmless the other Party and its successors and
assigns from any injury, loss, or damage of any kind or nature, or any other liability sought
to be imposed on such Party, and arising out of or in connection with or resulting from the
marketing, sale or use of the imdemnifying Party’s product(s), including any advertising or
other promotional activities related thereto.

2.9. Infringement Actions. Neither LICENSOR nor LICENSEE will have any
responsibility to the other Party for any damage or expense incurred by such other Party
which arises from any action, claim or cause of action brought by any person as the result
of any alleged patent infringement or trade secret misappropriation by reason of such
other Party’s manufacture, use or sale of any product under any of the licenses conferred
hereby.

2.10. LICENSEE’s Rights in Event of Third Party Infringement. LICENSEE
shall have the right, in LICENSOR's name (if required by law, otherwise, in LICENSEE's
name) but at LICENSEE's sole expense, to sue third parties in the LICENSEE Markets for
infringements of the LICENSOR Patents and misappropriation of the LICENSOR
Technology and unpatented LICENSOR Improvements, and LICENSOR shall, but at
LICENSEE's expense for LICENSOR's direct associated expenses, fully and promptly
cooperate and assist LICENSEE in connection with any such suil. LICENSEE shall
promptly reimburse LICENSOR for said suit-associated direct expenses upon presentation
of LICENSOR's itemized statement therefor. LICENSOR may, if it so elects, join in any
such suit as a plaintiff. All damages, awards or settlement proceeds in such suit shall be
LICENSEE's. If LICENSEE, after notice from LICENSOR of an alleged infringement or
misappropriation, shall within 90 days fail to institute suif, LICENSOR, in its own name (or,
if required by law, in its and LICENSEE’s name) and at its own expense, may sue
therefore, and LICENSEE shall, but at LICENSOR's expense for LICENSEE's direct
associated expenses, fully and promptly cooperate and assist LICENSOR in connection
with any such suit. LICENSOR shall promptly reimburse LICENSEE for said suit-
associated direct expenses upon presentation of LICENSEE's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSOR’s.

2.11. LICENSOR’s Rights in Event of Third Party Infringement. LICENSOR
shall have the right, in LICENSEE's name (if required by law, otherwise, in LICENSOR’s
name) but at LICENSOR’s sole expense, to sue third parties in the LICENSOR Markets
for infringements of the LICENSEE Patents and misappropriation of the LICENSEE
Technology and unpatented LICENSEE Improvements, and LICENSEE shall, but at
LICENSOR’s expense for LICENSEE's direct associated expenses, fully and promptly
cooperate and assist LICENSOR in connection with any such suit. LICENSEE may, if it so
elects, join in any such suit as a plaintiff. LICENSOR shall promptly reimburse LICENSEE
for said suit-associated direct expenses upon presentation of LICENSEE's itemized
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statement therefor. All damages, awards or seftlement proceeds in such suit shall be
LICENSOR's. If LICENSOR, after notice from LICENSEE of an alleged infringement or
misappropriation, shall within 90 days fail to institute suit, LICENSEE, in its own name (or,
if required by law, in its and LICENSOR’s name) and at its own expense, may sue
therefore, and LICENSOR shall, but at LICENSEE's expense for LICENSOR's direct
associated expenses, fully and promptly cooperate and assist LICENSEE in connection
with any such suit. LICENSEE shall promptly reimburse LICENSOR for said suit-
associated direct expenses upon presentation of LICENSOR's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSEE’s.

2.12. LICENSEE Royalty Payment. None. License is granted without cost to
LICENSEE.

ARTICLE 3
INDEMNIFICATION

3.1. Indemnification by LICENSEE. LICENSEE shall indemnify and hold
LICENSOR and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSOR arising out of
or in connection with or resulting from the marketing, sale or use of the LICENSEE
Products, including any advertising or other promotional activities related thereto.
LICENSOR shall be an added insured party to LICENSEE’s product liability insurance,
which shall have coverage limits of at least two million dollars ($2,000,000) per incident
and which LICENSEE shall procure and have in place no later than the date on which
LICENSEE first makes a delivery of any of the LICENSEE Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSOR is provided at least
thirty (30) days advance written notice.

3.2. Indemnification by LICENSOR. LICENSOR shall indemnify and hold
LICENSEE and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSEE arising out of
or in connection with or resuiting from the marketing, sale or use of the LICENSOR
Products, including any advertising or other promotional activities related thereto. At such
time, if any, as LICENSOR shall sell LICENSOR Products, LICENSOR shall add
LICENSEE as an added insured party to LICENSOR’s product liability insurance, which
shall have coverage limits of at least two million dollars ($2,000,000) per incident and
which LICENSOR shall procure and have in place no later than the date on which
LICENSOR first makes a delivery of any of the LICENSOR Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSEE is provided at least
thirty (30) days advance written notice.

ARTICLE 4
CONFIDENTIALITY

4.1. Restrictions on Use and Disclosure of LICENSOR Property by
LICENSEE. LICENSEE shall use the LICENSOR Property in confidence and shall not
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disclose same 1o its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not to disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate: (a) if
that portion is, or becomes, generally known within the related trade or industry through no
default of LICENSEE, or (b) upon the expiration of the obligation of LICENSEE under this
Agreement to pay royalties to LICENSOR.

4.2. Restrictions on Use and Disclosure of LICENSEE Property by
LICENSOR. LICENSOR shall use the LICENSEE Property in confidence and shall not
disclose same to its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not fo disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate if that
portion is, or becomes, generally known within the related trade or industry through no
default of LICENSOR.

4.3. Employees; Third Parties Etc. In order to faithfully perform their
respective obligations under sections 4.1 and 4.2, the Parties shall limit access to the
other Party’'s Property to only those of its officers, employees and agents who shall have a
need to receive or have access to that portion, and then only for the purposes of the
practice under the licenses conferred by this Agreement. Each Party will require any third
party, to whom access may be authorized under this Agreement, to execute an
appropriate confidentiality agreement.

4.4. Authorized Required Disclosures. Nothing in this Article 4 shali prevent a
Party. (a) from complying (but only to the narrowest extent required by law and regulation
and with due notice on any submissions to governmental agencies of the confidential or
proprietary status of the information with a view toward restricting access to, and use or
disclosure by, third parties) with reasonable requirements of governmental agencies to
disciose information in order to receive legally required consents or permissions to
manufacture or sell that Party’s Products; or (b) from disclosing information under court
order, but only after having made all reasonable efforis to secure the court's order to (i)
limit production, use and disclosure of said information for the purposes of the case and to
the narrowest class of disclosures practicable under the circumstances and (i) hold ali
proceedings in camera with a sealed record.

ARTICLE &
RESOLUTION OF DISPUTES

All claims, disputes and other matters in question arising out of, or relating to, this
Agreement or the performance thereof shall be submitted to, and determined by,
arbitration if good faith negotiations between the parties do not resolve such claim, dispute
or other matter within 60 days. Such arbitration shall proceed in accordance with the
Commercial Arbitration Rules of the American Arbitration Association then pertaining (the
"Rules"), insofar as such Rules are not inconsistent with the provisions expressly set forth
in this Agreement, unless the parties mutually agree otherwise, and pursuant to the
foliowing procedures:
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(a) Notice of the demand for arbitration shall be filed in writing with the other
Member and with the American Arbitration Association. Each Member shall appoint
an arbitrator, and those party-appointed arbitrators shall appoint a third neutral
arbitrator within 10 days. If the party-appointed arbitrators fail to appoint a third,
neutral arbitrator within 10 days, such third, neutral arbitrator shall be appointed by
the American Arbitration Association in accordance with the Rules. A determination
by a majority of the panel shall be binding.

(b) Reasonable discovery shall be allowed in arbitration.

(c) All proceedings before the arbitrators shall be held in Minneapolis, Minnesota.
The governing law shall be as specified in Section 8.1 below.

{(d) The costs and fees of the arbitration, including attorneys' fees, shall be allocated
by the arbitrators.

(e) The award rendered by the arbitrators shall be final and judgment may be
entered in accordance with applicable law and in any court having jurisdiction
thereof.

ARTICLE 6
NOTICES

6.1. Notices. All communications, demands, notices or objections required or
permitted to be given or served under this Agreement shall be in writing and shall be
deemed to have been duly given or made only if delivered in person, deposited in the
United States mail, postage prepaid, for mailing by certified or registered mail, return
receipt requested, or delivered by prepaid overnight courier service, addressed to the
appropriate party as follows:

{fto LICENSOR: Richard Disrud, COO
Aqua Innovations, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Ifto LICENSEE:  Jeffrey Brink, CEC
Oxygenator Water Technology, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Either party may change its address by giving notice in writing, stating the new address, to
the other Party as provided in the foregoing manner. Commencing on the tenth (10th) day
after the giving of such notice, such newly designated address shall be such Party's
address for the purpose of all communications, demands, notices or objections required or
permitted to be given or served under this Agreement.

JA156
OWT Ex. 2118
Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 159 of 1320

ARTICLE 7
MISCELLANEQUS

7.1. Governing Law; Court Proceedings. The validity, performance, and all
matters relating to the interpretation and effect of this Agreement shall be governed by the
internal law in effect in the State of Minnesota without regard to principles of law (such as
"conflicts of law") that might make the law of some other jurisdiction applicable. Without
limiting the terms set forth in Article 6 with respect to the resolution of disputes, each Party
agrees to the exclusive and irrevocable jurisdiction of the federal and state courts of
Minnesota for any claim, action or cause of action arising out of or in any way related to
this Agreement which may be brought in a court of law and both parties agree that
personal service from any such court may be effectively served upon a party at the
respective addresses set forth in Section 7.1.

7.2. Exhibits. Exhibits, schedules and annexes referred to in this Agreement and
attached hereto are incorporated herein in full by this reference as if each of such exhibits,
schedules or annexes were set forth in the body of this Agreement and duly executed by
the parties hereto.

7.3. Additional Documents and Acts. Each party agrees that it will use all
reasonable efforts to take, or cause to be taken, all actions and to do, or cause to be
done, all things necessary, proper or advisable, including, but not limited to, the execution
of additional documents and instruments, to consummate, make effective and carry out
the transactions contemplated by this Agreement.

74. Amendment, Modification or Waiver. No amendment, modification or
waiver of any condition, provision or term of this Agreement shall be valid or of any effect
unless made in writing, signed by the party or parties to be bound or its duly authorized
representative and specifying with particularity the nature and extent of such amendment,
modification or waiver. Any waiver by any party of a default of ancther party shall not
affect or impair any right arising from any subsequent default.

7.5. Severable Provisions. Whenever possible, each provision of this Agreement
will be interpreted in such manner as to be effective and valid under applicable law, but if
any provision of this Agreement is held to be invalid, illegal or unenforceable under any
applicable law or rule in any jurisdiction, such provision will be ineffective only to the extent
of such invalidity, illegality, or unenforceability in such jurisdiction, without invalidating the
remainder of this Agreement in such jurisdiction or any provision hereof in any other
jurisdiction.

7.8. Entire Agreement. This Agreement contains the entire understanding of
the parties hereto in respect of the transactions contemplated hereby and supersedes all
prior agreements and understandings between the parties with respect to such subject
matter.

7.7. Captions, Headings, Titles or References to Gender. All captions, headings
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or tittes in the paragraphs or sections of this Agreement are inserted for convenience of
reference only and shall not constitute a part of this Agreement or as a limitation of the
scope of the particular paragraphs or sections to which they apply. Where appropriate,
the masculine gender may be read as the feminine gender or the neuter gender, the
feminine gender may be read as the masculine gender or the neuter gender and the
neuter gender may be read as the masculine gender or the feminine gender.

7.8. Counterparts. This Agreement may be executed in two (2) or more
counterparts, each of which shall be considered one and the same Agreement and shall

become effective when one or more counterparts have been signed by each of the parties
and deliverad to the other parties.

IN WITNESS WHEREOF, the parties have executed this Agreement on the date
first written above.

AQUA INNOVATIONS, INC.

Dick Disrud its COO

GXYGENATOR WATER TECHNOLOGIES, INC.

E‘f ‘ T ow %
S x%kvi%ﬁ\*m
b

Jeff Brink its CEO
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EXHIBIT "A"

DESCRIPTION OF LICENSOR PATENTS AND PATENTS PENDING

United States Patent Number: US 6,689,262 B2
Date of Patent: February 10, 2004
Name: Microbubbles of Oxygen
Application Number: 10/372,017

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen.

United States Patent Number: US 7,396,441 B2
Publication Date: July 8, 2008
Name: Flow-Thru Oxygenator
Application Number: 10/732,326

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen. A flow-through model for oxygenating flowing water. The use of
supersaturated water for enhancing the growth of plants. Method of applying
supersaturated water to plants manually, by drip irrigation or in hydroponic culture. The
treatment of waste water by raising the dissolved oxygen with the use of oxygen emitter.
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Flow-through oxygenator
Abstract

An oxygen emitter which is an electrolyiic cell is disclosed. When the anode and cathode are separated
by a critical distance, very small microbubbles and nanobubbles of oxygen are generated. The very
small oxygen bubbles remain in suspension, forming a solution supersaturated in oxygen. A tlow-
throngh model for oxygenating flowing water is disclosed. The use of supersaturated water for
enhancing the growth of plants is disclosed. Methods for applying supersaturated water to plants
manually, by drip irrigation or in hydroponic culture are described. The treatment of waste water by
raising the dissolved oxygen with the use of an oxygen emiiter is disclosed.

Inventors: Semkiw; James Andrew (Minneapolis, MN)
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RELATED APPLICATIONS

This application is a division of application Ser. No. 10/732,326 filed Dec. 10, 2003, which in turn is a
continuation-in-part of application Ser. No. 10/372,017, filed Feb. 21, 2003, now U.S. Pat. No.
6,689,262, which claims the benefit of U.S. Provisional Application No. 60/358,534, filed Feb. 22,
2002, each of which is hereby fully incorporated herein by reference.

The invention claimed is:

1. A method for treating waste water comprising; providing a flow-through oxygenator comprising an
emitter for electrolytic generation of microbubbles of oxygen comprising an anode separated at a critical
distance from a cathode and a power source all in electrical communication with each other, placing the
emitter within a conduit; and passing waste water through the conduit.

2. An emitter for electrolytic generation of microbubbles of oxygen in an agueous medium comprising:
an anode separated at a critical distance from a cathode, a nonconductive spacer maintaining the
separation of the anode and cathode, the nonconductive spacer having a spacer thickness between 0.005
to 0.050 inches such that the critical distance is less than 0.060 inches and a power source all in
electrical communication with each other, wherein the critical distance results in the formation of
oxygen bubbles having a bubble diameter less than 0.0006 inches, said oxygen bubbles being incapable
of breading the surface tension of the aqueous medivm such that said agueous medium is supersaturated

with oxygen.

3. The emitter of claim 2, wherein the anode is a metal or a metallic oxide or a combination of a metal
and a metallic oxide.

4. The emitter of claim 2, wherein the anode is platinum and iridium oxide on a support.

5. The emitter of claim 2, wherein the cathode is a metal or metallic oxide or a combination of 3 metal
and a metallic oxide.

6. The emitter of claim 2, wherein the critical distance is 0.005 to 0.060 inches.

7. The emitter of claim 2, comprising a plurality of anodes separated at the critical distance from a
plurality of cathodes.

8. A method for oxygenating a non-native habitat for temporarily keeping aquatic animals, comprising:
inserting the emitter of claim 2 into the aqueous medium, the non-native habitat comprising an
aquarium, a bait bucket or a live well.

9. A method for lowering the biologic oxygen demand of polluted water comprising: passing the
polluied water through a vessel containing the emitier of claim 2.

10. A supersaturated aqueous product formed with the emitter of claim 2, the supersaturated aquecus
product having an approximately neutral pH.
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1. The emitter of claim 2, further comprising a timer control,

12. The emitter of claim 2, wherein the anode and cathode are arranged such that the emitter assumes a
funnel or pyramidal shaped emitter.

BDescription

FIELD OF THE INVENTION

This invention relates to the electrolytic generation of microbubbles of oxygen for increasing the oxygen
content of flowing water. This invention also relates to the use of superoxygenated water {o enhance the
growth and yield of plants. The flow-through model is useful for oxygenating water for hydroponic
plant culture, drip irrigation and waste water treatment.

BACKGROUND OF THE INVENTION

Many benefits may be obtained through raising the oxygen content of aqueous media. Efforts have been
made to achieve higher saturated or supersaturated oxygen levels for applications such as the
improvement of water quality in ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic animals, biclogical culture and hydroponic
culture. For example, fish held in a limited environment such as an aguarium, a bait bucket or a live hold
tank may quickly use up the dissolved oxygen in the course of normal respiration and are then subject to
hypoxic stress, which can lead to death. A similar effect is seen in cell cultures, where the respiring cells
would benefit from higher oxygen content of the medium. Organic pollutants from agriculiural,
municipal and industrial facilities spread through the ground and surface water and adversely affect life
forms. Many pollutants are toxic, carcinogenic or mutagenic. Decomposition of these pollutants is
facilitated by oxygen, both by direct chemical detoxifying reactions or by stimulating the growth of
detoxifying microflora. Contaminated water is described as having an increased biological oxygen
demand (BOD) and water treatment is aimed at decreasing the BOI? so as to make more oxygen
available for fish and other life forms.

The most common method of increasing the oxygen content of a medium is by sparging with air or
oxygen. While this is a simple method, the resulting large bubbles produced simply break the surface
and are discharged into the atmosphere. Attempts have been made to reduce the size of the bubbles in
order to facilitate oxygen transfer by increasing the total surface area of the oxygen bubbles. U.S. Pat.
No. 5,534,143 discloses a microbubble generator that achieves a bubble size of about (.10 millimeters to
about 3 millimeters in diameter. U.S. Pat. No. 6,394,429 ("the '429 patent”) discloses a device for
producing microbubbles, ranging in size from 0.1 to 100 microns in diameter, by forcing air into the
fluid at high pressure through a small orifice.

When the object of generating bubbles is to oxygenate the water, either air, with an oxygen content of
about 21%, or pure oxygen may be used. The production of oxygen and hydrogen by the electrolysis of
water is well known. A current is applied across an anode and a cathode which are immersed in an
aqueous medium. The current may be a direct current from a battery or an AC/DC converter from a line.
Hydrogen gas is produced at the cathode and oxygen gas is produced at the anode. The reactions are:

TABLE-US-00001 AT THE CATHODE: 4H.sub.20 + 4e.sup.~ .fwdarw. 40OH.sup.- + 2H.sub.2 AT
THE ANODE: 2H.sub.20 fwdarw. O.sub.2 + 4H.sup .+ + 4e.sup.- NET REACTION:
6H.sub.20 fwdarw. 40H.sup.- + 4H.sup.+ ++ 2H.sub.2 + O.sub.2
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286 kilojoules of energy is required to generate one mole of oxygen.

The gasses form bubbles which rise to the surface of the fluid and may be collected. Either the oxygen
or the hydrogen may be collected for various uses. The "electrolytic water" surrounding the anode
becomes acidic while the electrolytic water surrounding the cathode becomes basic. Therefore, the
electrodes tend to foul or pit and have a limited life in these corrosive environments.

Many cathodes and anodes are commmercially available. U.S. Pat. No. 5,982,609 discloses cathodes
comprising a metal or metallic oxide of at least one metal selected from the group consisting of
rathenium, iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese, tantalum,

molybdenum, lead, titanium, platinum, palladium and osmium. Anodes are formed from the same
metallic oxides or metals as cathodes. Electrodes may also be formed from alloys of the above metals or
metals and oxides co-deposited on a substrate. The cathode and anodes may be formed on any
convenient support in any desired shape or size. It is possible to use the same materials or different
materials for both electrodes. The choice is determined according to the uses. Platinum and iron alloys
("stainless steei") are often preferred materials due to their icherent resistance to the corrosive
electrolytic water. An especially preferred anode disclosed in U.S. Pat. No. 4,252,856 comprises vacuum

deposited iridium oxide.

Holding vessels for live animals generally have a high population of animals which use up the available
oxygen rapidly. Pumps to supply oxvgen have high power requirements and the noise and bubbling may
further stress the animals. The available electrolytic generators likewise have high power requirements
and additionally run at high voltages and produce acidic and basic water which are detrimental to live
animals. Many of the uses of oxygenators, such as keeping bait or caught fish alive, would benefit from
portable devices that did not require a source of high power. The need remains for quiet, portable, low
voltage means to oxygenate water. '

It has alse been known that plant roots are healthier when oxygenated water is applied. It is thought that
oxygen inhibits the growth of deleterious fungi. The water sparged with air as in the '429 patent was
shown to increase the biomass of hydroponically grown cucumbers and tomatoes by about 15%.

The need remains for oxygenator models suitable to be placed in-line in water distribution devices so as
to be applied to field as well as hydroponic culfure.

SUMMARY OF THE INVENTION

This invention provides an oxygen emitter which is an electrolytic cell which generates very small
microbubbles and nanocbubbles of oxygen in an agueous medium, which bubbles are too small to break
the surface tension of the medium, resulting in a medium supersaturated with oxygen.

The elecirodes may be a metal or oxide of at least one metal selected from the group consisting of
rathenium, iridium, nickel, iron, thodivm, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladiom and osmiwm or oxides thereof. The elecirodes may be
formed into open grids or may be closed surfaces. The most preferred cathode is a stainless steel mesh.
The most preferred mesh is a 1/16 inch grid. The most preferred anode is platinum and iridium oxide on
a support. A preferred support is titanium.

In order to form microbubbles and nanobubbles, the anode and cathode are separated by a critical
distance. The critical distance ranges from 0.005 inches to 0.140 inches. The preferred critical distance

is from 0.045 to 0.060 inches.
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Models of different size are provided to be applicable to various volumes of aqueous mediun to be
oxygenated. The public is directed to choose the applicable model based on volume and power
requirements of projected use. Those models with low voltage requirements are especially suited to
oxygenating water in which animals are to be held.

Controls are provided to regulate the current and timing of electrolysis.

A flow-through model is provided which may be connected in-line to a watering hose or to a hydroponic
circulating system. The flow-through model can be formed into a tube with triangular cross-section. In
this model, the anode is placed toward the cutside of the tube and the cathode is placed on the inside,
contacting the water flow. Alternatively, the anodes and cathodes may be in plates parallel to the long
axis of the tube, or may be plates in a wafer stack. Alternately, the electrodes may be placed in a side
tube ("T" model) out of the direct flow of water. Protocols are provided to produce superoxygenated

water at the desired flow rate and at the desired power usage. Controls are inserted to activate
electrolysis when water is flowing and deactivate electrolysis at rest.

This invention includes a method to promote growth and increase yield of plants by application of
superoxygenated water. The water treated with the emitter of this invention is one example of

superoxygenated water. Plants may be grown in hydroponic culture or in soil. The use of the tflow-
through model for drip irrigation of crops and waste water treatment is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the O.sub.2 emitter of the invention.

FIG. 2 is an assembled device.

FIG. 3 is a diagram of the electronic controls of the O.sub.2 emitter.

FIG. 4 shows 2 funnel or pyramid variation of the O.sub.2 emitter,

FIG. 5 shows a muitilayer sandwich O.sub.2 emitter.

FIG. 6 shows the yield of tomato plants watered with superoxygenated water.

FIG. 7 shows an oxygenation chamber suitable for flow-through applications. FIG. 7A is a cross section
showing arrangement of three plate electrodes. FIG. 7B is a longitudinal section showing the points of

connection to the power source.

FIG. 8 is a graph showing the oxygenation of waste water.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

For the purpose of describing the present invention, the following terms have these meanings:

"Critical distance" means the distance separating the anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.
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"Critical distance” means the distance separating the anode and cathode at which evolved oxygen forms
microbubbles and nanobubbles.

"O.sub.2 emitter” means a cell comprised of at least one anode and at least one cathode separated by the
critical distance.

"Metal" means a metal or an alloy of one or more metals.
"Microbubble" means a bubble with a diameter less than 50 microns.

"Nanobubble” means a bubble with a diameter less than that necessary {o break the surface tension of
water. Nanobubbles remain suspended in the water, giving the water an opalescent or milky appearance.

"Supersaturated” means oxygen at a higher conceniration than normal calculated oxygen solubility at a
particular temperature and pressure.

"Superoxygenated water” means water with an oxygen content at Jeast 120% of that calculated to be
saturated at a temperature.

"“Water" means any aqueous medium with resistance less than one chim per square centimeter; that is, a
medium that can support the electrolysis of water. In general, the lower limit of resistance for a medium
that can support electrolysis is water containing more than 2000 ppm total dissolved solids.

The present invention produces microbubbles and nancbubbles of oxygen via the electrolysis of water.
As molecular oxygen radical (atomic weight 8) is produced, it reacts to form molecular oxygen, O.sub.2.
In the special dimensions of the invention, as explained in more detail in the following examples,
O.sub.2 forms bubbles which are too small to break the surface tension of the fluid. These bubbles
remain suspended indefinitely in the fluid and, when allowed to build up, make the fluid opalescent or
milky. Only afler several hours do the bubbles begin to coalesce on the sides of the container and the
water clears. During that time, the water is supersaturated with oxygen. In contrast, the H.sub.2 formed
readily coalesces into larger bubbles which are discharged into the atmosphere, as can be seen by bubble

formation at the cathode.

The first objective of this invention was to make an oxygen emitter with low power demands, low
voltage and low current for use with live animals. For that reason, a small button emitter was devised.
The anode and cathode were set at varying distances. It was found that electrolysis took place at very
short distances before arcing of the current occurred. Surprisingly, at slightly larger distances, the water
became milky and no bubbles formed at the anode, while hydrogen continued to be bubbled off the
cathode. At distance of 0.140 inches between the anode and cathode, it was observed that the oxygen
formed bubbles at the anode. Therefore, the critical distance for microbubble and nanobubble formation
was determined to be between 0.005 inches and 0.140 inches.

EXAMPLE 1

Oxygen Emitter

As shown in FIG. 1, the oxygen evelving anode 1 selected as the most efficient is an iridium oxide
coated single sided sheet of platinum on a support of titanium (Eltech, Fairport Harbor, Ohio). The
cathode 2 is a (fraction ( 1/16)} inch mesh (size 8 mesh) marine stainless steel screen. The anode and
cathode are separated by a non-conducting spacer 3 containing a gap 4 for the passage of gas and mixing
of anodic and cathodic water and connected to a power source through a connection point 5. FIG. 2

http://patft] .uspto.govinetacgi/nph-Parser?Sect | =PTO1 &Sect2=HITOFF&d=PALL&p=1&... 3/2/2010

JA167
OWT Ex. 2118
Page 169 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 170 of 1320

United States Patent: 7670495 Page 8 of 12

shows a plan view of the assembled device. The O.sub.2 emitter 6 with the anode connecting wire 7 and
the cathode connecting wire 8 is contained in an enclosure 9, connected to the battery compartment 10.
The spacer thickness is critical as it sets the critical distance. It must be of sufficient thickness to prevent
arcing of the current, but thin enough to separate the elecirodes by no more than 0.140 inches. Above
that thickness, the power needs are higher and the oxygen bubbles formed at higher voltage will

coalesce and escape the fluid. Preferably, the spacer is from 0.005 o 0.075 inches thick. At the lower
limits, the emitter tends to foul more quickly. Most preferably, the spacer is about 0.050 inches thick.
The spacer may be any nonconductive material such as nylon, fiberglass, Tefilon. RTM., polymer or
other plastic. Because of the criticality of the space distance, it is preferable to have a non-compressible
spacer. It was found that Buna, with a durometer measure of 60 was not acceptable due to
decomposition. Viton, a common fluoroelastomer, has a durometer measure of 90 and was found to hold

its shape well.

In operation, a small device with an O.sub.2 emitter 1.485 inches in diameter was driven by 4AA
batteries. The critical distance was held at 8.050 inches with a Viton spacer. Five gallons of water
became saturated in seven minutes. This size is suitable for raising oxygen levels in an aquarium or bait
bucket.

1t is convenient to attach a control circuit which comprises a timer that is thermostatically controlled by
a temperature sensor which determines the off time for the cathode. When the temperature of the
solution changes, the resistance of the thermistor changes, which causes an off time of a certain
duration. In cool water, the duration is longer so in a given volume, the emitter generates less oxygen.
When the water is warmer and therefore hold less oxygen, the duration of off time is shorter. Thus the
device is self-controlied to use power most economically. FIG. 3 shows a block diagram of a timer
control with anode 1, cathode 2, thermistor temperature sensor 3, timer control circuit 4 and wire from a

direct current power source 5.
EXAMPLE 2

Measurement of O.sub.2 Bubbles

Attempts were made to measure the diameter of the O.sub.2 bubbles emitted by the device of Example
1. In the case of particles other than gasses, measurements can easily be made by scanning electron
microscopy, but gasses do not survive electron microscopy. Large bubble may be measured by pore
exclusion, for example, which is also not feasible when measuring a gas bubble. A black and white
digtial, high contrast, backlit photograph of treated water with a millimeter scale reference was shot of
water produced by the emitter of Example 1. About 125 bubbles were seen in the area selected for
measurement. Seven bubbles ranging from the smallest clearly seen to the largest were measured. The
area was enlarged, giving a scale multiplier of 0.029412.

Recorded bubble diameters at scale were 0.16, 0.22, 0.35, 0.51, 0.76, 0.88 and 1.09 millimeters. The last
three were considered outliers by reverse analysis of variance and were assumed to be hydrogen

bubbles. When multiplied by the scale multiplier, the assumed O.sub.2 bubbles were found to range
from 4.7 to 15 microns in diameter. This test was limited by the resolution of the camera and smaller
bubbles in the nanometer range could not be resolved. It is known that white light cannot resolve
features in the nanometer size range, so monochromatic laser light may give resolution sensitive enough
to measure smaller bubbles. Efforts continue to increase the sensitivity of measurement so that sub-
micron diameter bubbles can be measured.

EXAMPLE 3

http://patfil.uspto.gov/netacgi/nph-Parser?Sect1=PTO1 &Sect2=HITOFF&d=PAL L&p=1&... 3/2/2010

JA168
OWT Ex. 2118
Page 170 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 171 of 1320

United States Patent: 7670495 Page 9 of 12

Other Models of Oxygen Emitler

Depending on the volume of fluid to be oxygenated, the oxygen emitter of this invention may be shaped
as a circle, rectangle, cone or other model. One or more may be set in a substrate that may be metal,
glass, plastic or other material. The substrate is not critical as long as the current is isolated to the
electrodes by the nonconductor spacer material of a thickness from 0.005 to 0.075 inches, preferably
0.050 inches. It has been noticed that the flow of water seems to be at the periphery of the emitter, while
the evolved visible bubbles (H.sub.2) arise at the center of the emitter. Therefore, a funnel or pyramidal
shaped emitter was constructed to treat larger volumes of fluid. FIG. 4 is a cross sectional diagram of
such an emitter, The anode 1 is formed as an open grid separated from a marine grade stainless steel
screen cathode 2 by the critical distance by spacer 3 around the periphery of the emitter and at the apex.
This flow-through embodiment is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for oxygenating a bait bucket may be about 2 inches
in diameter, while a 3-inch diameter emitter is adequate for oxygenating a 10 to 40 gallon tank. The live
well of a fishing boat will generally hold 40 to 80 gallons of water and require a 4-inch diameter emitter.
It is within the scope of this invention to construct larger emitters or to use several in a series to
oxygenate larger volumes. It is also within the scope of this invention to vary the model to provide for
low voltage and amperage in cases where the need for oxygen is moderate and long lasting or
conversely, to supersaturate water very quickly at higher voltage and amperage. In the special
dimensions of the present invention, it has been found that a 6 volt battery supplying a current as low as
40 milliamperes is sufficient to generate oxygen. Such a model is especially useful with live plants or
animals, while it is more convenient for industrial use to use a higher voltage and current. Table [ shows
a number of models suitable to various uses.

TABLE-US-00002 TABLE I Emitter Model Gallons Volts Amps Max. Ave Watts Bait keeper 5 6 0.090
0.060 0.36 Livewell 32 12 0.180 0.120 1.44 OEM 2 inch 10 12 0.210 0.120 1.44 Bait store 70 12 0.180
00.180 2.16 Double cycle 2 12 0.180 0.180 2.16 OEM 3 inch 50 12 0.500 0.265 3.48 OEM 4 inch 80 12
0.980 0.410 4.92 Water pail 2 24 1.200 1.200 28.80 Plate 250 12 5.000 2.500 30.00

EXAMPLE 4
Multilayer Sandwich O.sub.2 Emitter

An O.sub.2 emitter was made in a multilayer sandwich embodiment. (FIG. 5) An iridium oxide coated
platinum anode 1 was formed into a grid to allow good water flow and sandwiched between two
stainless steel screen cathodes 2. Spacing was held at the critical distance by nylon spacers 3. The
embodiment illustrated is held in a cassette 4 which is secured by nylon bolt 5 with a nylon washer 6.
The dimensions selected were:

TABLE-US-00003 cathode screen 0.045 inches thick nylon spacer 0.053 inches thick anode grid 0.035
inches thick nylon spacer 0.053 inches thick cathode screen 0.045 inches thick,

for an overall emitter thickness of 0.231 inches thick inches.

If a more powerful emitter is desired, it is within the scope of this invention to repeat the sequence of
stacking. For example, an embodiment may easily be constructed with this sequence: cathode, spacer,
anode, spacer, cathode, spacer, anode, spacer, cathode, spacer, anode, spacer, cathode. The number of
layers in the sandwich is limited only by the power requirements acceptable for an application.

EXAMPLE 5
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Effect of Superoxygenated Water on the Growth of Plants

It is known that oxygen is important for the growth of plants. Although plants evolve oxygen during
photosynthesis, they also have a requirement for oxygen for respiration. Oxygen is evolved in the leaves
of the plants, while often the roots are in a hypoxic environment without enough oxygen to support
optimum respiration, which can be reflected in less than optimum growth and nutrient utilization.
Hydroponically grown plants are particularly susceptible to oxygen deficit in the root sysiem. UU.S. Pat.
No. 5,887,383 describes a liquid supply pump unit for hydroponic cultures which attain oxygen
enrichment by sparging with air. Such a method has high energy requirements and is noisy.
Furthermore, while suitable for self-contained hydroponic culture, the apparatus is not usabie for field
irrigation. In a report available on the web, it was shown that hydroponically grown cucumbers and
tomatoes supplied with water oxygenated with a device similar to that described in the '429 patent had
increased biomass of about 12% and 17% respectively. It should be noted that when sparged with air,
the water may become saturated with oxygen, but it is unlikely that the water is superoxygenated.

A. Superoxygenated Water in Hydroponic Culture.

Two small hydroponic systems were set up to grow two tomato plants. Circulation protocols were
identical except that the 2 1/2 gallon water reservoir for the Control plant was eroated with and
aquarium bubbler and that for the Test plant was oxygenated with a five-inch strip emitter for two
minutes prior to pumping. The cycle was set at four minutes of pumping, followed by four minutes of
rest. The control water had an oxygen content of about 97% to 103% saturation, that is, it was saturated
with oxygen. The test water had an oxygen content of about 153% to 165% saturation, that is, it was
supersaturated. The test plant was at least four times the volume of the control plant and began to show
what looked like fertilizer burn. At that point the fertilizer for the Test plant was reduced by half. Since
the plants were not exposed o natural light but to continuous artificial light in an indoor environment
without the natural means of fertilization (wind and/or insects), the experiment was discontinued after
three months. At that time, the Test plant but not the Control plant had blossomed.

B. Superoxygenated Water in Field Culture.

A pilot study was designed to ascertain that plants outside the hydroponic culture facility would benefit
from the application of oxygen. [t was decided to use water treated with the emitter of Example 1 as the
oxygen carrier. Since water so treated is supersaturated, it is an excellent carrier of oxygen.

Tomato seeds (Burpee "Big Boy") were planted in one-inch diameter peat and dirt plugs encased in
cheese cloth and placed in a tray in a southwest window. Controls were watered once a day with tap
water ("Control™) or oxygenated water ("Test"). Both Controls and Test sprouted at one week. After five
weeks, the Test plants were an average of 11 inches tall while the Controls were an average of nine
inches tall. At this time, May 10, when the threat of frost in Minnesota was minimal, the plants were
transplanted to 13 inch diameter pots with drainage holes. Four inches of top soil was added to each pot,
topped off with four inches of Scott's Potting Soil. The pots were placed outside in a sunny area with at
least eight hours a day of full sun. The plants were watered as needed with either plain tap water
{Control) or oxygenated water (Test). The oxygenated water was produced by use of the emitter of
Example 1 run for one-half hour in a five-gallon container of water. Previous experiments showed that
water thus treated had an oxygen content from 160% to 260% saturation. The Test plants flowered on
Fune 4, while the Controls did not flower until June 18. For both groups, every plant in the group first
had flowers on the same day. All plants were fertilized on July 2 and a soaker hose provided because the
plants were now so big that watering by hand was difficult. The soaker hose was run for one half to one
hour each morning, depending on the weather, to a point at which the soil was saturated with water. One
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half hour after the soaker hose was turned off, about 750 ml of superoxygenated water was applied to
each of the Test plants.

The Test plants were bushier than the Controls although the heights were similar. At this time, there
were eight Control plants and seven Test plants because one of the Test plants broke in a storm. On July
2, the control plants averaged about 17 primary branches from the vine stem, while the control plants
averaged about 13 primary branches from the vine stem. As the tomatoes matured, each was weighed on
a kitchen scale at harvest. The yield history is shown in Table IL

TABLE-US-00004 TABLE II Control, grams Test, grams tomatoes from tomatoes from eight plants/
seven plants/ Week of: cumulative total cumulative total July 27 240 400 August 3 180 420 2910 3310
August 10 905 1325 1830 5140 August 17 410 1735 2590 7730 August 24 3300 5035 2470 10200
August 31 4150 9175 1580 11780 September 15 not weighed 3710 15490 Final Harvest 6435 15620

8895 24385 September 24
The total yield for the eight Control plants was 15620 grams or 1952 grams of tomatoes per plant.

The total yield for the seven Test plants was 24385 grams or 3484 grams of tomatoes per plant, an
increase in yield of about 79% over the Control plants.

FIG. 6 shows the cumulative total as plotted against time. Not only did the Test plants blossom and bear
fruit earlier, but that the Control plants never caught up to the test plants in the short Minnesota growing
season. It should be noted that the experiment was terminated because of predicted frost. All fruits, both
green and red, were harvested and weighed at that point.

EXAMPLE 6
Flow-Through Emitter for Agricultural Use

In order to apply the findings of example 5 to agricultural uses, an emitter than can oxygenate running
water efficiently was developed. In FIG. 7(A), the oxygenation chamber is comprised of three anodes 1
and cathodes 2, of appropriate size to fit inside a tube or hose and separated by the critical distance are
placed within a tube or hose 3 at 120.degree. angles to each other. The anodes and cathodes are
positioned with stabilizing hardware 4. The stabilizing hardware, which can be any configuration such
as a screw, rod or washer, is preferably formed from stainless steel. FIG. 7(B) shows a plan view of the
oxygenation chamber with stabilizing hardware 4 serving as a connector to the power source and
stabilizing hardware 5 serving as a connector to the power source. The active area is shown at 6.

This invention is not limited to the design selected for this embodiment. Those skilled in the art can
readily fabricate any of the emitters shown in FIG. 4 or 5, or can design other embodiments that will
oxygenate flowing water. One useful embodiment is the "T" model, wherein the emitter unit is set in a
side arm. The emitted bubbles are swept into the water flow. The unit is detachable for easy servicing.
Table II shows several models of flow through emitters. The voltage and flowrates were held constant
and the current varied. The Dissolved oxygen (DO) from the source was 7.1 mg/liter. The starting
temperature was 12.2.degree. C. but the flowing water cooled slightly to 11 or 11.5.degree. C. Without
undue experimentation, anyone may easily select the embodiment that best suits desired characteristics
from Table [II or designed with the teachings of Table IT1.

TABLE-US-00005 TABLE I ACTIVE DO OF* ELECTRODE CURRENT, FLOW RATE SAMPLE
AT MODEL AREA, SQ.IN. VOLTAGE AMPS. GAL/MINUTE ONE MINUTE 2-Inch "T" 2 28.3 0.72
12 N/A 3-inch "T" 3 28.3 1.75 12 N/A 2-plate Tube 20 28.3 9.1 12 8.4 3-Plate tube 30 28.3 12.8 12 9.6
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*Ag the apparatus runs longer, the flowing water becomes milky, indicating supersaturation. The one-
minute time point shows the rapid increase in oxygenation,

The following plants will be tested for response to superoxygenated water: grape vines, letfuce, and
radishes in three different climate zones. The operators for these facilities will be supplied with units for
drip irrigation. Drip irrigation is a technique wherein water is pumped through a pipe or hose with
perforations at the site of each plant to be irrigated. The conduit may be underground or above ground.
Since the water is applied directly to the plant rather than welting the entire field, this technique is
especially useful in arid climates or for plants requiring high fertilizer applications.

The superoxygenated water will be applied by drip irrigation per the usual protoco] for the respective
plants, Growth and yield will be compared to the same plants given only the usual irrigation water. Pest
conirol and fertilization will be the same between test and contro} plants, except that the operators of the
experiments will be cautioned to be aware of the possibility of fertilizer burn in the test planis and to

adjust their protocols accordingly.

It is expected that the superoxygenated plants with drip irrigation will show more improved performance
with more continuous application of oxygen than did the fomato plants of Example 5, which were given
superoxygenated water only once a day.

EXAMPLE 7
Treatment of Waste Water

Waste water, with a high organic content, has a high BOD, due to the bacterial flora. It is desirable to
raise the oxygen content of the waste water in order to cause the flora to floceunlate. However, it is very
difficult to effectively oxygenate such water. Using a 4 inch OEM (sce Table I} with a 12 volt battery,
four liters of waste water in a five gallon pail were oxygenated. As shown in FIG. 8, the dissolved
oxygen went from 0.5 mg/l {o 10.8 mg/l in nine minotes.

Those skilled in the art will readily comprehend that variations, modifications and additions may in the
embodiments described herein may be made. Therefore, such variations, modifications and additions are

within the scope of the appended claims.
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existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

Q
I am the: . | E

[ Patentee.

|

5
Assignee of record of the entire interest. See 37 CFR 3.71. &
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). s

w Attorney or agent of record. Reglstranon Number 2./ 9 g ‘7/

?sgnadture%,x%v E /M
proues name | 244 [een 1. m
Date 25 ‘a:)/’l/ 20( Telephone GS-/ <G g%s_

NOTE: Signatures of all the invenjors or assignees of record of the entire interest or their representative(s) are required. Submit mu
| if more than one signature is required, see below.

& *Total of ‘ forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Post Issue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

JA180
OWT Ex. 2118
Page 182 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 183 of 1320

o\?s J%:;s G
s | 2

PART B - FEE(S) TRANSMITTAL l/ Ve

send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
Alexandria, Virginia 22313-1450
P or Fax (703) 746-4000
INSTRUCTIONS: This form should be used f%{nsﬂuhg thevISSUE FEE and PUBLICATION FEE (if_required). Blocks 1 through 4 should bc compleicd where

appropriate. All further correspondence includingghe Patent, advance grders and potification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed othgnwise in Block 1, by (:&ﬁpcclfymg a nes correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. f D"

CURRENT CORRESPONDENCE ADDRESS (Note: Legidly

*-m%‘"'m“““ n Note: & certficate of mailing can only be used for domest mailings of the
[ it

7590 09308803 Fee(s) Transmittal, This certificate cannot be used for any other accompanying
G ﬂapers. Each additional paper, such as an assignment or formal drawing, must
Kathleen R. Terry s ave its own certificate of mailing or transmission.
2417 Como Avenue Certificate of Mailing or Transmission

St. Paul, MN 55108-1459 1 h'crebg certify that this Fee(s) Transmittal is being deposited with the United

States Postal Service with sufficicnt postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEL address above, or being facsimile
transmitted to the USITO, on the date indicated below.

YD‘I‘K}" Lh E,T Yy Ixepositor's rame)
z Aj/u(,cv-— E\ V_Ul—,./ryw(,( (Signatore)
geedi | 0,-,%4@/ ate)

APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. I CONFIRMATION NO. I
10372017 027212003 James Andrew Senkiw AQINNUSI 9911
TITLE OF INVENTION: MICROBUBBLES QF OXYGEN

[ APPLN. TYPE | SMALL ENTITY [ ISSUE FEE [ PUBLICATION PEE | TOTAL FEE(S) DUE | DATE DUE l
nonprovisional YES $650 $300 $956 12730/2003
CT49
[ EXAMINER | ART UNIT I CLASS-SURCLASS ]
BELL, BRUCE I 1746 204-278500

1 Chung anee o o angre - . agents OR, alternatively, (2) the name of a single
VR STORBIE iached, o e of Correspondence | gy (having s @ mombr 4 rgisred atomey or
s N L ageut) and the names of up to 2 registered patent
3 "Fee Address” indication (or "I'ee Address" Indication form s onts, ame is liste ame
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer af!orucys or agents. If no name is listed, no name
/ Number is required. will be printed.

1. Chunge of correspond address or indication of "Fee Address” (37 2. For printing on the patent front page, list (1) the —
CFR 1.363). names of up to 3 registered patent attorneys or ﬁ

3

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assig(nv:e is identitied below, no assignec data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COb}gRY )

10 9% Mornnzdele Eoad
A%uthnonHM, :Enc ié,/oaw%}”;‘:”My\/ 55032

Please check the appropriate assignee category or catcgorics (will not be printed on the patent); I individual \Z corporation or other private group entity 1 government

w

4a, The following fee(s) are enclosed: 4b, Payment of Fee(s): {
Issue Fee A checl in the amount af th2 fee(s) is enclosed.
biication Fee Q Paywent by credit card. Form PTO-2038 is attached.
&::lvance Order - # of Copies 2 Q The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this farm).

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or w re-apply any previously paid issue fee to the application identified above.

N . The fssuc Fee and Publication Fee (if reqpured) will not be'accepted from anyche

other than the applicant; a registered attomne oﬂ hoent; or the z\ssigneckvpor other party in || 12/15/2003 SHINASS2 00000113 10372017
interest as shown g'thc records of the United Stateq Patent and Trademark Office.

This_colfection of information 1s required & R 1.311. The nformation 1s required (0 01 FC:2501 665.00 Op
abtuin o retain 3 benefit by the public-which is to file (and 13;/ the USPTO to process) an 02 FC:1504 300.00 Op
application. Confidentiality is governéd by 35 U.8.C. 122 and 37 CFR 1.14. This collection is 03 FC:8001 12. 00 Op

d to take 12 to lete, including gathering, preparing. and submitting the
completed application torm to the 1.‘55?’1‘0.~ Time will vary dependin? upon the individual
case. Any comments on the amount of time vou require to complete this form and’or
suggestions for reducing this burden, should be ‘sent to the Chief Information Officer, 1).S.
Patent and Trademark Office, U.S. Department of Commerce. Alexandria, Vitginia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Afexandvia, Virginia 22313-1450,

Undev the Paperwork Reduction Act of 1995, no persons are requived to respond to a
collection of information unless it displays a valid OMIB controf number.

TRANSMIT THIS FORM W1TH FEE(S)
PTOL-S5 (Rev. 08/03) Approved tor use through 04/30/2004. OMBU651-0033 5.8, Patem and Trademark Oftice; U.S. DEPARTMENT OF COMMERCE

JA181
OWT Ex. 2118
Page 183 Tennant Company v. OWT
IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 184 of 1320

Q , L Best Available Copy . Bv )
W - » ' L 24

WART B - FEE(S) TRANSMITTAL

s’
’
send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE l/
Commissioner for Patents
Alexandrin, Virginia 223]3—1450

or Fax (703) 746-4000
FEE snd PUB] Blocks | through 4 should b leted where
and nouﬁuuu of mumcmnele fees will mzuled to the gx’nml e e;dd:m
cifying 8 now corespondonee address; und/or (b) indluzmg 8 scparaie "FEE ADDRESS” for

S ek 1y Note: A catificals of maimg can onty be used far domestiv mailings of the
Feeis) Tnnsmﬂ:ﬁl Tmis cereti mmcannox be used for mymhﬂi x;ompanyx

litional paper umassxsnmm!ofmm wing, m
RaEe its own certificate of mailing or transwission.

C«dﬂmt: of Mailing or Transmission
l hmb z mn l' Transmittal is being depusited with the United
cn:m for first class mai! in an covcl
Mai\ Sto ISSUEB C address above, or being facsimil
msmmrd to the USPTO. on the date indicated below.

Kathleen R. Terry
2417 Como Avenue
St. Paul, MN 55108-1459

f1 e (Depositin's o)
S XA BT v
(030D )
-
| AppucaTionso. | #1LING DATE | PIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
1037217 027212003 James Andrew Senkiw AQIDOIUSE s
TVILE OF INVENTION: MICROBUBBLES OF OXYGEN
[ APPLN. TYPE | svaweNory | ISSUE FEE | eusLicaTionese | TOTALFEESIDUE | DATE DUE }
nonprovisional YES 3650 $500 SDCS‘O- < 1273072003
: G
[ EXAMINER ] ART UNIT | cuasssupcass |

BELL, BRUCE F 1746 209-278500

i Chun}z: of correspandence sddress or indication of "Fee Address” (37 2. For printing on the patent front page, kst (1) the P
CFR 1.363). names of up to 3 registered pstent attomeys or | /j

agents OR, alternstively, (2) tbe name of a single

Q Change of" or Chunge ol'Com:swndrme 2
Ve PTORBIS )umched( firm 5"3.‘,"5"&,:“ o o 3
- - agent names m registered patent

S "Fee Address” indication (or "Fee Address” Indication form sttorucys or agents. If no name is listod, 0o name 5

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
’ Number Is required, will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print of type)

PLEASE NOTE: Unless an m%@“lﬁkﬂ tified below, 1o assipoee data will appear on the patent. Inchusion of | data is on priate when an nssiy has
been previously submitted to the USPTO or is being submitied under separato cover. Compiction of this form is 1\01 a substitute for filing en essigmment.
(A) NAME OF ASSIGNEE (®) RLSIDT.&CE. (C!h}Y and STA'T‘E{Ul} COUI? d__
3 Vrmz o2l o2
A%,,, TIrno vzh in, :tnc 6 m
loowyingln, Mt 554327
Please chock the appropri ignce category of categorics (will not be printed oa the patent); Jmiividml%wfpomﬁonwomﬂpﬂvatchwpcmity QO government
4a_ The following fee(s) are enclosed: 4b. Payment of Fee(s): !
ssue Fee A check in the amount of the fee(s) is enclosed.
bfication Fee Q Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies Q The Dmmr |s hmbv authorized by charge the required fee(s), of credit any overpayment, o
Deposit A 2n extra copy of this foml

.Director for Patents is requested to apply the Tssue Fee and Publication Fee (if any) or w re-apply any previously paid issue fee t the spplication identified above. .

I;unt, 3 :egmaod almm: or haent; or !hc mgnec ot oiha pﬂ.rly m ! ’.2/.[5/2003 SHINASS2 00000“3 10372017

 the vecords of the United Stateg Putent mf‘l’m.\rk Offkce.

othn dun rhc :
interest as shown

Thns collechion of nformution 15 TR i INTOTATION 1S TequY 01 FC:2501 665.00 0P
in or retain 3 benefit by which s to file (and b theUSl’I'Otopfoccss)an 02 FC:1504 300.00 0P
application. Contidentiality is governéd by 35 C.3.C. 122 and 37 CFR 1.14. This w!letnon is 03 FC:8001 12.00 0P

estimsted to take 12 minutes to com eu. including gathering. prepmng and submittin,
campleted n torm to ke USPTO. Time wxllvaryd:pendm upon thcmdmdual
case. Any comments on the zunnum of time you req m this form and’or
gestions for reducing this b\udcrgﬂ»u.ld be seat to lhc Chnef Inf ormzuon Officer, U.S.
ent and Trademark U. of exandri

Office, a, Vi
22313-!450 DO NOT SEND FEES om'{srm FORMS' PO THIS Al 'Eglsj
SEND TO: Commissioner for Patents, Alexandria, Virginin 223134450

bmkrm;nmmtRedmmMofl”S d to resp o3

lays @ valid OMB control pumber

TRANSMIT THIS FORM WITH FEE(S)
PTOL-$5 (Rev. 08:03) Approved for use through 047302004, OMB 06310033 U.S. Patens and Tredemark Oftice; U1.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

5140

UNITED STATES DEPARTMENT UF COMMERCE
United States Patent aad I'rademark Office
Adieess: COMMISSIONER FOR PATENTS
P.0. Box 1430
Alexandria, Yirginia 22313-1450

WV, LN, L0V

7590 09730/2003 I ! J

EXAMINER
. Kathleen R. Terry

2417 Como Avenue

St. Paul, MN 55108-1459

NOTICE OF ALLOWANCE AND FEE(S) DUE

BELL.BRUCEF

ﬁ ART (;ﬁn |

1746 204-278500

CLASS-SUBCLASS |

DATE MAILED: 09/30:2003

l APPLICATION NO. FIRST NAMED INVENTOR

10/372017

FILING DATE
022172003

J ATTORNEY DOCKETNO. | CONFIRMATION NO. |
AQINIUSH 9911

James Andrew Senkiw

TITLE OF INVENTION: MICROBUBBLES OF OXYGEN

[ APPLN. TYPE | svaiLenTITY | ISSUE FEE [ PUBLICATION FEE I TOTAL FEE(S) DUE [
nonprovisional YES 3650 $300 $950

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND 1S ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION, THE PTOL-85B (OR -
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL

BE REGARDED AS ABANDONED.

DATEDUE |
1273012003

HOW TO REPLY TO THIS NOTICE:
1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above. :

B. If the status is changed, pay the PUBLICATION FEE (if
required) and twice the amount of the ISSUE FEE shown above
and notify the United States Patent and Trademark Office of the
change in status, or :

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27. .

IL. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already, been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section “4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the forin should be subinitted.

II. Al communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Decc. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4

PTOL-85 (Rev. 08/03) Approved for usc through 04/30/2004.
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Be'ailable Copy ‘

!/ - PART B - FEE(S) TRANSMITTAL
Compl'ete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
/ Commissioner for Patents
Alexandria, Virginia 22313-1450
or Fax (703) 746-4000

INSTRUCTIONS: This form should be used for transmitung the ISSUE FEE and PUBLICATION FEE (if requircd). Blocks 1 through 4 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicsted unless corrected below or directed otherwise in Block 1. by (3) specifying a new correspondence address; and’or (b) indicating a scparate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly matk-up with any comrections or use Block 1) Note: A certificate of mailin}: can only be used for domestic mailings of the

7590 0930/2003 Fee(s) Transmittal, This certificate cannot be used for any other accompanying

ﬁaper_s. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

Kathleen R. Terry

2417 Como Avenue B Certificate of Mailing or Transmission
St. Paul, MN 55108-1459 1 hereby ccrligy that this Fee(s) Transmittal is being deposited with the United
States Postal Scrvice with sufficient postage for first class mail in an envelope

addressed to the Mail Stop ISSUE FEL address above, or being facsimile
i d to the USPTO. on the date indicated below.

{Depositor's wane)

(Signatorz)

(Date)
[ aprucationwo. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. | CONPIRMATIONNO. |
10372017 027212003 . James Andrew Senkiw AQIONUST 9911
TITLE OF INVENTION: MICROBUBBLES OF OXYGEN
[ APPLN. TYPE | smarcennTy | ISSUE FEE | PUBLICATION FEE | ToTALFEESIDUE | DATE DUE ]
nonprovisional YES $650 $500 $950 12/30/2003
r EXAMINER | ART UNIT | CLASS-SUBCLASS l
BELL, BRUCEF 1746 204-278500
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list (1) the
CFR 1.363). names of up to 3 registered patent attorneys or |

0 Change of correspondence address (or Chunge of Correspondence agents OR. alfgmatively,‘(z) the f'a", me of a Sjngle
Address form PTO/SB/122) attached. ﬁrmsl.\avm%ha.s a mcml;cr 4 rc,g:aluc'd at:zimt,y or 7
- T - L agent) and the names of up to 2 registered patent
1 "Fee Address” indication {or "Fee Address" Indication form ) s ante ; S Ficten e
PTO/SB/47. Rev 03-02 or more recent) attached. Use of a Customer aﬁﬁrﬁ?h.w algmts‘ If no name is listed, no wame
Number is required. wi panted.

3

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type}
PLEASE NOTE: Unless an nssiglnec is identitied below, no assignee data will appear on the patent. Inclusion of assignce data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a'sub for tiling an assig
(A) NAME OF ASSIGNEE {B) RESIDENCE: (CITY and STATE OR COUNTRY)

Pleasc check the appropriate assignee category or catcgories (will not be printed on the patent); Jindividual Tl corporation or other private group cntity {3 government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ Issue Fee O A check in the amount of the fee(s) is enclosed.
[ Publication Fee Q Payment by credit card. Form PTQ-2038 is attached.
[ Advance Order - # of Copies Q The Director is_hereby authorized by charge the required fee(s), or credit any overpayment, to

Deposit Account Number (enclose an extra copy of this form).

Director for Patents is requested to apply the Tssue Fee and Publication Fee (if any) or 1o re-apply any previously paid issue fee to the application identified above.

{Authorized Signature) (Date)

NOTE: The Issuc Fee and Pubfication Fee (if required) will not be aceepied from anyone
other than the applicant: a registered an,ornegf or agent; or the assignee or other purfy in
tates Patent and Trademark Office.

interest as shown by the records of the United

This collection of information 1s rc%\[xred by 37 CFR T.311. The nformation is required to
obtain or retain 3 benefit by the public which is to file (and b?' the USPTO to process) an
application. Contidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depcndm% upon the individual
case. Any comments on the amount of time vou require to cump ete this form and/or
suggestions for reducing this burden, should be sent to_the Chief Information Officer, 1J.S.
Patent and’ Trademark ice, U.S. ce.
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THL!
SEND TO: Commissioner tor Patents, Afexandria, Virginia 22313-1450.

Cnder the Paperwork Reduction Act of 1995, no &exsons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-S5 (Rev. 08/03) Approved tor use through 04/30/2004. OMB 0651-0033 .S, Patemt and Trademark Office; t).S. DEPARTMENT OF COMMERCE

Department_of Commerce. Alexandria, Virginia
S ADDRESS.
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UNITED STATES DEPARTMENT UF COMMERCE
United States Potent and Trademark Office
Addecss: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1350

WY LS. LoV

[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
107372017 02212003 James Andrew Senkiw AQIO0IUSIH 9911
7590 (0973022003 | EXAMINER |
Kathleen R. Terry BELL, BRUCE F

2417 Como Avenue I

St. Paul, MN 55108-1459 ARTUNIT I PAPER NUMBER ]

1746
DATE MAILED: 097302003

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

Page 3 of 4

PTOL-85 (Rev. 08/03) Approved for use through 04/30/2004.
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UNITED STATES DEPARTMENT UFF COMMERCE
United States Patent and I'rademark Office
Address: COMMISSIONER FOR PATENTS
P.O. lox 1450
Alexandria, Virginia 223131450
wwiv.uspin.gov

APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. ]
107372017 02/21/2003 James Andrew Senkiw AQINMUSI 9911
7590 0973022003 [ EXAMINER I
Kathleen R. Terry BELL, BRUCE F
2417 Como Avenue : -
St. Paul, MN 55108-1459 | ART UNIT [ parernumBer |

1746

DATE MAILED: 09/30/2003

Notice of Fee Increase on October 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2003, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an

Reg. 41532, 41533, 41534 (July 14, 2003).

The current fee schedule is accessible from (http://www.uspto.gov/main‘howtofees.htm).

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in view
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing
delays associated with mailing of a "Notice of Pay Balance of 1ssue Fee," if the response to the Notice of Allowance
is to be filed on or after October 1, 2003 (or mailed with a certificate of mailing on or atter October 1, 2003), the
issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was previously paid, and the
response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the
issue fee now due, then the difference between the issue fee amount at the time the response is filed and the -
previously-paid issue fee should be paid. See Manual of Patent Examining Procedure, Section 1308.01 (Eighth

Edition, August 2001).

Effective October 1, 2003, 37 CFR .18 is amended by revising paragraphs (a) through (c) to read as set forth below.

Section 1.18 Patent post allowance (including issue) fees.

(a) Issue fee for issuing each original or reissue patent,
except a design or plant patent:

By a small entity (Sec. 1.27(a)).......ccccuece.c.... $665.00

By other than a small entity..........ccccc.e.e. $1,330.00
(b) lssue fee for issuing a design patent:

By a small entity (Sec. 1.27(a)).c..ccoceeerernnens $240.00

By other than a small entity..........c.ccccevnunene. $480.00
(c) Issue fee for issuing a plant patent:

By a small entity (Sec. 1.27(a))......ccocrevecnnee $320.00

By other than a small entity............................ $640.00

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of the

Office of Patent Publication at (703) 305-8283.

Page 4 of 4

PTOL-85 (Rev. 08/03) Approved for use through 04/30/2004.
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, Application No. ] Applicant(s) R{Z
/
/ . . 10/372,017 SENKIW, JAMES ANDREW
Notice of Allowability Examiner At Unit
Bruce F.Bell 1746

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. [f not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

- 1. X This communication is responsive to the application as filed on 02/21/03.
2. X The allowed claim(s) is/are 1-14.
3. X The drawings filed on 21 February 2003 are accepted by the Examiner.
4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[d Al b) (J Some* c¢)[] None of the:
1. |:| Certified copies of the priority documents have been recewed
2. [ Certified copies of the priority documents have been recelved in Appllcatlon No.__
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _______
5. [J Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a pro(lisional application).
(a) [] The translation of the foreign language provisional application has been received.
6. [] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will resultin ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE

7.0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [[] CORRECTED DRAWINGS must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [0 hereto or 2) [J to Paper No.
(b) [ including changes required by the proposed drawing correction filed
(c) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

, which has been approved by the Examiner.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet.

9. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

11X Notice of References Cited (PTO-892) 2[] Notice of Informal Patent Application (PTO-152)
3[] Notice of Draftperson's Patent Drawing Review (PTO-948) 4[] Interview Summary (PTO-413), Paper No.

5[] Information Disclosure Statements (PTO-1449), Paper No. . 6[] Examiner's Amendment/Comment

7] Examiner's Comment Regarding Requirement for Deposit 8[X] Examiner's Statement of Reasons for Allowance

of Biological Material . 9[] Other

U.S. Patent and Trademark Office

PTOL-37 (Rev. 04-03 Notice of Allowability Part of Paper No.
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Application/Control Number: 10/372,017 Page 2
" Art Unit: 1746

REASONS FOR ALLOWANCE
1. The following is an examiner’s statement of reasons for allowance:

The prior art of record fails to teach and/or suggest the key to applicants instant
invention which is the critical distance between the anode and cathode in the generation
of microbubbles and nanobubbles. The closest prior art of Zappi et al (6,315,886) shows
an interélectrode gap of less than 0.00435 inches, whereas the applicants’ instant
critical distance is set to be between 0.005 to 0.140 inches. The prior ért of Zappietal .
discloses that their electrolyte is fed to the electrode stack under pressure where as the
instant invention is not. Further, the Zappi et al patent talks about an insulation layer of
bubbles, but never states whether they are nanobubbles or microbubbles or a
combination thereof, or even if they will form at all. Applicants’ have defined there
critical distance to be the formation of nanobubbles and microbubbles in the electrode
stack and since the prior art of Zappi et al does not disclose whether their invention
yields both or not and because the interelectrode gap is smaller than applicants’
interelectrode gap, it appears that the Zappi et al patent does not teach and/or suggest
the emitter as set forth by the applicant’s in their instant invention as now claimed.
Therefore, the instant invention appears to be novel. _

| Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Any inquiry concerning this communication or earlier communiéations from the
examiner should be directed to Bruce F. Bell whose telephone number is' 703-308-2527.
The examiner can normally be reached on Monday-Friday 6.:30 AM - 3:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the éxaminer’s
supe‘rvisor, Randy Gulakowski can be reached on 703-308-4333. The fax pho’ne
number for the organization where this application or proceeding is assigned is (703)
872-9306.'

Any inquiry 6f a general nature or rélating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-308-

0661.
BFB ' Bruce F.Bell
September 29, 2003 Primary Examiner
' Art Unit 1746
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Title: ELECTROCATALYTIC DISSOLVED OXYGEN GENERATOR
FOR WATER PROCESSING

cop NOTICE

© copyright 1994, James R. Vance. Aall Rights Reserved.

A portion of the disclosure of this patent document
contains material that is subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyrights
whatsoever.

TICAT, ELD

This invention relates to apparatus and methods for
electrolytically treating liquids. More particularly, this
invention relates to apparatus and methods for generating
dissolved oxygen within water and for electrolytically
purifying and/or iemoving contaminants from the water.

BACKGROUND ART

A widelf recognized problem within open. and éloéed
hydraulic systems is the depletion or degradation 6f
dissolved oxygen within water. This pfoblem is particularly
significant within environments that are highly dependant

upon dissolved oxygen. For example, large and small bodies
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of water that support aquatic and marine life require the
generation and maintenance of large amounts of dissolved
oxygen. Dissolved oxygen is a necessary requirement for the
survival of aquatic organisms living in lakes, rivers, and
other bodies of water. Fish will die if the dissolved oxygen
level drops below a given point. Persons familiar with
aquatic and marine life often measure the quality and health
of a body of water by the amount of dissolved oxygen present.

Similarly, certain processes such as those used within
paper processing plants, water purification plants, and
sewage treatment plants require the generation of large
amounts of dissolved oxygen.

Various attempts have been made to aerate such bodies of
water and, thereby, increase the amount of dissolved oxygen
contained therein. For example, air or gaseous oxygen have
been forced under water and allowed fo escape and bubble to
the surface in an attempt to increase the level of dissolved
oxygen within water. The main problem with gaseous oxygen,
however, is that it is difficult to dissolve into water above
a given saturation point.

Other attempts to encourage oxygen entry into water

include spraying the water into the air, mechanically

_ splashing the surface of the water, and subjecting the water

to intense elevated pressures within a pressurized container.
Mechanical methods of spraying the water into the a;r or
mechanically splashing the water are very inefficient methods
to produce dissolved oxygen. Furthermore, such mechanical

methods are unable to reach higher levels of dissolved oxygen

JA194

OWT Ex. 2118

Tennant Company v. OWT

IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 197 of 1320

WO 95121795 . PCT/US95/01730
-3=

with any degree of stability.

In an unrelated area of technology, electrolysis has
been used to break apart the various molecules of H,0 or water
9 to produce gaseous hydrogen and gaseous oxygen. It is
5 important to note, however, the significant difference

between gaseous oxygen and dissolved oxygen.
The inventor has dedicated much of his life to the study
of open and closed hydraulic systems. On April 17, 1990,
U.S. Letters Patent No. 4,917,782, issued in the name of the
10 inventor for an electrolytic liquid purification process and
apparatus. The appératus and processes disclosed within U.s.
Letters Patent No. 4,917,782 are significantly different from
those of the present invention. Other disclosures that were
considered in the prosecution of that patent include: Hughés,
15 Jr. et al. (U.S. Letters Patent No. 2,864,750; issued
December 16, 1958); Mehl (U.S. Letters Patent No. 3,523,891;
issued August 11, 1970):; Doevenspeck (U.S. Letters Patent No.
3,679,556; issued July 25, 1972); Preis et al. (U.S. Letters
Patent No. 3,728,245; issued April 17, 1973); Cassanovas et
20 al. (U.S. Letters Patent No. 3,835,018; issued September 10,
1974); Phipps (U.S. Letters Patent No. 3,865,710; issued
February 11, 1975); Okert (U.S. Letters Patent No. 3,925,176;
issued December 9, 1975): Frame (U.S. Letters Patent No.
4,419,206; issued December 6, 1983); Neymeyer (U.S. Letters:
25 Patent No. 4,425,216; issued January 10, 1984); Branchick et
al. (U.S. Letters Patent No. 4,436,601; issued March 13,
1984); Paniagua (U.S. Letters Patént No. 4,572,775; issued

February 25, 1986); and Umehara (U.S. Letters Patent No.
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4,623,436; issued November 18, 1986).
The inventor believes that the listed disclosures taken .

alone or in combination neither anticipate nor render obvious
the present invention. The cited disclosures do not
5 constitute an admission that such are relevant or material to
the present claims. Rather, the aforementioned disclosures
relate only to the general field of the invention and are
cited as constituting the closest art of which the inventor
is aware.
10 ' DISCIOSURE OF INVENTION
The present invention comprises simple, easily used,
inexpensive apparatus and methods for generating high levels
of dissolved oxygen within water and for electrolytically
purifying and/or removing contaminants from the water in an
15 environmentally safe fashion. The invention is compact,
unobtrusive, functional, efficient, reliable, reusable,
durable, rugged, easily constructed, inexpensive and
economical to manufacture, and is easily installed and
removed if needed. Minimal installation and access room is
20 needed. A minimum amount of manipulation is required for
installation. Once installed, the invention is extremely
simple to use and maintain. The apparatus of the invention
d;:es not require very much space. Consequently, replacement .
parts also require a minimal amount of storage space. The
25 present invention significantly . increases the speed,
simplifies the procedure, and dramatically enhances the
efficiency of elevating the oxygenafion level within a body

of water.
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In addition to the foregoing benefits and other
advantages that will be described further below, the present
invention also overcomes all of the previously mentioned
disadvantages of apparatus and processes heretofore used for

5 the stated purpose. For example, a significant benefit of
the present invention is that it can be used within a closed,
hydraulic conduit or pipeline; The present invention
eliminates the need for bulky, expensive, complex, and
mainteﬁapce intensive surface spray and mechanical aerators.

10 No longer must a business enterprise or municipality purchase
large tracks of land for aeration, settlement, and treatment
ponds. The aeration or dissolved oxygen generation process
no longer must be exposed to surface air which creates
aromatic, zoning, and ecology related problems.

15 Installation of the invention does not mandate an
extensive capital investment that would otherwise be
required. The cost to maintain the invention is
insignificant in comparison to the expense of building and
maintaining the type of commercial aeration projects now in

20 use. The savings to commercial enterprises by using this
invention also includes not having to hire, pay, and
contribute fringe benefits to numerous support personnel.
The dangers of falling into open ponds and catching a finger,
hand, 1limb, or clothing in operating maéhinery are also

. 25 eliminated.

To accomplish the aforementioned objectives, the present

invention uses electrolysis processes to break apart water

molecules and cause oxygen, created thereby, to go directly
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into a dissolved state. Due to the catalytic properties and
action of the invention, the oxygen molecules do not pass -
through a gaseous state but rather are forced to assume an
immediate dissolved state throughout the conversion process.

5 The oxygen, in effect, bypasses the gaseous stage that is
'otherwise required by other processes.

The resulting dissolved oxygen levels are relatively
stable due to the cell design and do not require
pressurization during the process. In addition, the

10 dissolvea oxygen generating abilities of the invention are
relatively unaffected by the presence of minerals, chemicals
or organic materials that are present within the water. 1In
fact, the invention scrubs or removes such contaminants from
the water. The cell is noncontaminating and does not

15 introduce any additional metal, mineral, or chemical

components into the water.

The invention represents a dramatic and significant
improvement over the electrolysis-type processes disclosed in
the inventor's earlier granted patent (U.S. Letters Patent

20 No. 4,917,782). There is no need to precondition the water,
as is usually required in other electrolysis-type processes.
There is no need that particular minerals be present in the
water for operation of the processes. In addition, water R
passing through the apparatus is not further contaminated by
25 the process, as commonly occurs during other electrolysis-
type processes where untreated metal electrodes dissolve.
The inventor knows of no other appafatus, whereiﬁ

apparatus using an electrolysis process has been solely
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designed for the production of dissolved oxygen within water.

Some electrolysis processes do produce minimal amounts of

dissolved oxygen as a byproduct. However, such processes are

unable to produce the higher levels of dissolved oxygen that
5 can be achieved by using the present invention.

Heretofore, using unprocessed water at 30 degrees
centigrade such mechanical devices and/or processes could
only obtain a maximum level of dissolved oxygen concentration
of 7.6 parts per million (ppm). Processed water at 30

10 degrees centigrade could contain a maximum level of dissolved
oxygen concentration of 10 parts per million (ppm) before
reaching an insurmountable saturation point.

In comparison, unprocessed water at 30 degrees
centigrade that is passed through the present invention can

15 readily obtain a dissolved oxygen concentration level of 20
parts per million.

Another method that has been used to generate elevated
concentrations of dissolved gases 1is exposing the water or
fluid to excessive gas pressurization. For example,

20 carbonated water or soda generally uses pressurization to
obtain higher levels of gas saturation.

The eleva;ed dissolved oxygen levels obtained through
the present invention, however, are not obtained through the
use of carbonation or elevatgd pressures. The water is not

v 25 carbonated. The aforementioned results are accomplished with
no significant additional pressurization. The 1lack of
pressurization is important to note. The processes used

within the present invention in effect change the gas
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balances of the water. In other words, the present invention
rearranges the various gas percentages of oxygen, nitrogen,
and contaminants within the water.

Henry's law generally states: The concentration of a
gaseous solute in a solution, Cyr is directly proportional to
the partial pressure, Py» of the gas above the solution. The
resulting equation is C; = k;p,, wherein k, represents Henry's
law proportionality constant. For example, at 25 degrees
Celsius, oxygen gas collected over water at a total pressure
of 1.00 atmosphere (atm) is soluble to the extent of 0.0393

grams per liter.

Accordingly, if the altitude and temperature of an open
body of water‘are known, one can determine the level of
dissolved oxygen within the water by using Henry's law.

Henry's law, however, assumes that the percentage of gas
contained within the water will be the same as that of the
surrounding atmospheric air, or in other words seventy-eight
percent (78%) nitrogen and twenty-one and nineftenths percent
(21.9%) oxygen.

The inventor has discovered that by electrocatalyticall}
forcing oxygen within the water into a dissolved state, the
apparatus of the present invention can create an unstable or
quasi-stable condition. In effect, the dissolved gases
contained within the water can exceed the herétofore believed
absolute saturation 1limit of one hun@red percent (100%).

During the electrocatalytic process, some of the
dissolved oxygen within the water evaporates, or bleeds or

boils off, along with a corresponding amount of nifrogen. As
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a result, an almost stable condition is obtained. At this
point the one hundred percent (100%) dissolved gas limit is
not yet exceeded. However, since nitrogen has been purged or
expelled from the system, the water can directly and

5 immediately absorb a comparable amount of dissolved oxygen
without the oxygen having to enter a gaseous state. Thus,
the concentration of dissolved oxygen can be increased
without a similar increase in dissolved nitrogen. The oxygen
level increases, and the nitrogen level decreases.

10 Consequently, the present invention allows one to reach
triple saturation very easily and not violate Henry's law.
The amount of gas in the solution remains at 100% to 101%,
but processed repetitively, most if not all of such gas will
be oxygen.

15 The apparatus is preferably placed within systems that
recirculate water. Every time the water passes through the
apparatus, more nitrogen is displaced and the level of
dissolved oxygen increases. This process can continue until
approximately twenty-two (22) parts per million of dissolved

20 oxygen are achieved and maintained, regardless of the
temperature of the water, as long as the water temperature is
below fifty (50) degrees Celsius. For example, the present
invention can achieve and maintain a concentration of twenty-
two (22) parts per million of dissolved oxygen all day long

i 25 when the water was at thirty (30) degrees celsius.
A conventional use of Henry's 1law, however, would
generally limit the concentration ahount dissolved oxygen toA

around six (6) or (7) parts per million. 1In other words,
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according to Henry's law, the given body of water should have

a dissolved oxygen concentration level of around 6 parts per -
million, but by using this invention the concentration level

may be maintained at about 22 parts per'million.

5 When trying to aerate water by pumping or blowing air
underwater and then allowing the gas to bubble to the
surface, the injected air comprises approximately seventy-
eight percent (78%) of nitrogen and twenty-two percent (22%)
of oxygen. The relative percentage of absorption of such

10 gases is comparable to the respective amounts of gas injected
below the water. Consequently, with the increase in
dissolved oxygen, there is a significant (in excess of’
threefold) increase in the amount of dissolved nitrogen.
Many fish and other aquatic life are sensitive to high

15 nitrogen levels and can become embolized if the nitrogen
levels are excessive.

In comparison, the level of dissolved oxygen can be
effectively doubled, tripled, and even quadrupled in a single
pass of water through the system without any absorption of

20 dissolved nitrogen. The results of this Process far exceed
that what can be achieved by using air blowing or other older
techniques.

A different method to obtain dissolved oxygen is to .
first liquefy air to separate off the oxygen. The oxygen is

25 then stored in pressurized tanks for later injection back
into the water reservoir. After being injected back into the
water reservoir, the oxygen is alloﬁed to again bubble back

to the surface. Several problems with this method include
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the added expense and difficulty to separate off the oxygen,
and the cost and trouble to handle, store, and transport
flammable pressurized oxygen tanks.

Besides the significant reduction in cost, required
equipment, and manual labor as compared to the previouély
mentioned pressurized method, the preéent invention generates
dissolved oxygen. Unlike gaseous oxygen, dissolved oxygen is
not explosive. Consequently, the present invention is much
safer to use and operate. 1In addition, once the apparatus is
installed, the only needed component to operate the apparatus
is a flow of water and a direct electrical current. 1t is
usually much more convenient to obtain and maintain a supply
of electricity than to keep replenishing a supply of
pressurized oxygen tanks.

In effect, the inventor has discovered that by
increasing the amounf of dissolved oxygen in water, the
oxygen molecules can actually displace and thereby remove or
reduce the amount of dissolved minerals, oils, and organic
matter contained in the water. Not only is healthier water
created, but the cleaning process does not use additional
chemical additives to do so.

The inventor has actually created an electronically
controlled scrubbing device that scrubs contaminated water at
a molecular level.

More particularly, the apparatus of the present

invention can be used to treat water having physical,

chemical, and/or biological contamihants. Although not a

Cure-all for every water problem, dissolved oxygen generation
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with electronic purification will help or cure contamination
problems in most cases. The following explanation describes
how the invention affects each type of contamination.
The electrical flow and field generated by the invention
5 causes a coagulation or lumping together of solids, colloids,
and thin oils that comprise physical contaminants within
water.
In addition, the electrolysis within the electrolytic or
electrocatalytic cell of the invention adds large amounts of

10 dissolved oxygen to the water that in turn cause the
oxidation and destruction of many other contaminants. As a
result of the coagulation and oxidation just mentioned, once
the water is allowed to settle, the contaminants easily fall
or settle out of the solution.

15 Such coagulation, oxidation, and removal of settled
contaminants eliminate algae, hydrogen sulfide, and other
elements that create most obnoxious odors. For example, the
presence of hydrogen sulfide generally creates a smell of raw
sewage.

20 It 1is important to note that by using the
electrocatalytic purification apparatus and processes
described herein, such purification can be accomplished
without using or adding other chemicals or agents to treat
the water.

25 Chemical contaminants can also be reduced by subjecting
the water to the high levels of dissolved oxygen. The
dissolved oxygen oxidizes and breaks down many chemicals and

hydrocarbons in low concentrations. Minerals.and dissolved
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metals in the water also coagulate into filterable solids as
do many soaps and phosphates.

Biological contamination can be safely and effectively
treated using the present invention. It is important to note
that dissolved oxygen is an effective, natural bactericide
that is not toxic to animals, fish, or plants.

Anaerobic bacteria live without oxygen. An example of
a virulent type of anaerobic bacteria is that commonly found
in stagnant water. The simple introduction of oxygen into
the water generally kills anaerobic bacteria.

Aerobic bacteria,_which live with oxygen, can also be
killed by introducing additional dissolved oxygen into the
water. This is accomplished by raising the 1level of
dissolved oxygen until the aerobic bacteria die. Wh&t
happens is that excess oxygen breaks down the outer wall of
the bacteria cell causing the death of the organism.
Consequently, to the inventor's knowledge no bacteria, not
even the microscopic organisms, are immune to high levels of
dissolved oxygen.

Because dissolved oxygen remains in the water, long pipe
lengths and storage tanks can be cleansed and purified of
contaminants by what is referred to as a residual kill
attributed to dissolved oxygen.

Dissolved oxygen can also be used very effectively to
kill fecal coliform bacteria this is found in waters having
sewage contamination. For example, ﬁany cities use oxygen to
purify the water output being expeiled from éewage plants.

This is done because the introduction of oxygen is an
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effective way to treat water without incurring harmful
environmental side effects. .
The noncontaminating nature and qualities of this
invention make the apparatus particularly valuable for use
5 with fish farms, lakes, drinking water, and other
environmentally sensitive water reserves. The invention can
similarly be used within aquatic, waste water treatmént,
sewage treatment, water purification, paper processing, and
many other industries that require high levels of dissolved
10 oxygen ﬁithin the water. Large open bodies of water can now
be economically maintained having a stable, balanced,
supersaturated state of dissolved oxygen.
The primary purpose of the invention, is not necessarily
the coagulation of contaminants, although this is an
15 extremely beneficial by-process. Instead, the primary
purpose of the invention is to increase the level of
dissolved oxygen within the water.
The present invention is a flow-through system. In
other words, the invention allows the water to pass right
20 through the apparatus without having to force the water in or
out of the apparatus. The system is preferably not
'serpentine in 'shape or operation. If the system was
serpentine within the cell itself, turbulence would be
introduced and the system would not work as well.
25 Consequently, the invention permits high water flow rates
with only a minimum amount of drag or flow resistance. The

rate of flow can and should be substantially constant.
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The invention can be installed into and will not
interfere with most water pumping and storage systems.

The construction and materials used within the invention
make the apparatus and processes used nearly, if not

5 completely, immune to normal water pressure and temperature
changes.

To achieve the aforementioned general and specific
objectives, the present invention generally comprises a
housing, a first electrode or electrical conductor, a second

10 electrode or electrical conductor, securing means, and
current means. Each of these elements and additional
elements will be discussed in substantial detail below within
the Best Mode For Carrying Out The Invention portion of the
patent and are included herein by reference.

15 These and other objectives and advantages of the present
invention will become more readily apparent upon reading the
following disclosure and referring to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an isometric view of a preferred embodiment of

20 the invention illustrating a specially designed
electrocatalytic cell, depicted in phantom lines, within an
exterior housing.

FIG. 2 is an enlarged, cross-sectional, side-elevational
view of the invention shown in Figure 1, further illustrating

25 placement and interconnection of the various components of
the apparatus.

FIG. 3 is a partially exploded, isometric view of the

invention illustrating the internal components of the
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electrocatalytic cell.

FIG. 4 is a transverse, cross-sectional view of the
invention as seen within a plane defined by 1line 4-4 in
Figure 2.

FIG. 5 is a schematic diagram showing various additional
components that can be used with the apparatus to aerate,
oxygenate, and treat an open aquatic or marine pond, such as
a fish pond.

FIG. 6 is a schematic diagram of an alternative form of
putting‘the invention into practice to aerate, oxygenate, and
treat waste water from a paper mill.

One should understand that the drawings are not
necessarily’ to scale and the elements are sometimes
illustrated by graphic symbols, phantom lines, diagrammatic
representations, and fragmentary views. In certain
instances, the inventor may have omitted details which are
not necessary for an understanding of the present invention
or which render other details difficult to perceive.

BEST MODE_FOR_CARRYING OUT THE INVENTION

Referring to the drawings, wherein 1like numerals
indicate 1like parts, the present invention generally
comprises an apparatus 20 having a housing 22, a first
electrode 24, a second electrode 26, securing means 28, and
current means 30.

The housing 22 defines an enclosure 32 within which an
electrolytic or electrocatalytic cell 34 is contained. The
housing 22 can have any desired cross-sectional configuration

and be of any desired length. 1In the preferred embodiment of
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the invention, the housing 22 has an elongated, tubular,
generally cylindrical shape. Rectangular, triangular,
square, or other cross-sectional shapes may alternatively be
used.

5 The inventor believes that the minimum exterior size of
the housing 22 can be as small as a one (1) inch outer
diameter. The inventor believes that the maximum exterior
size of the housing 22 can be as large as a six (6) feet
outer diameter.

10 The housing 22 has a first end 36 and an opposed second
end 38. An inlet opening 40 or pdrt is located at the first
end 36. An outlet opening 42 or port is located at the
opposed second end 38.

The housing 22 can be directly connected or secured to

15 a conduit or pipe 44 in any manner that permits the generally
collinear passage of water 46 into the inlet opening 40,
through the enclosure 32, and out of the housing 22 through
the outlet opening 42.

The inventor prefers that the pipe 44 have a diameter of

20 about two (2) to three (3) inches. Of course, other sizes of
pipe 44 can alternatively be used.

The housing 22 may be provided with an inlet coupling 48
that is connected between the pipe 44 and a main porfion 50
of the housing 22 that encloses the cell 34. The inlet

25 coupling 48 is designed to provided a gradually increasing
taper from an inlet end 52 to an opposed outlet end 54. The
tapered design is intended to provide for a smooth flow of

the water 46 through the apparatus 20. The inlet end 52 has
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a narrower cross-sectional area or circumference as compared
to the opposed outlet end 54. Similarly, the outlet end 54
has a larger cross-sectional area or circumference as
compared to the opposed inlet end 52. The narrower inlet end
52 is sized and dimensioned to be secured to an opening
within the pipe 44.

The housing 22 could also be provided with an outlet
coupling 56. The outlet coupling 56 is generally similar to
the design of the inlet coupling 48. More particularly, the
outlet coupling 56 is connected between the pipe 44 and the
main portion 50 of the housing 22 that encloses the cell 34.
The outlet coupling 56 has an inlet end 58 and an opposed
outlet end 60. The inlet end 58 of the outlet coupling 56
has a wider cross-sectional area or circumference as compared
to the opposed outlet end 60. Similarly, the outlet end 60
of the outlet coupling 56 has a narrower cross-sectional area
or circumference as compared to the opposed inlet end s8.
The narrower outlet end 60 is sized and dimensioned to be
secured to an opening within the pipe 44.

The housing 22, inlet coupling 48, and outlet coupling
56 should be manufactured from a material that does not
conduct electrical current. For example, it is preferred

that the housing 22, inlet coupling 48, and outlet coupling

- 56 be manufactured from a PVC, Teflon, nyloﬁ, or any other

nonconductive material. Of course, other materials could
alternatively be used.
The joint or junctures between the inlet coupling 48,

main portion 50 of the housing 22, and the outlet coupling 56
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may be sealed and secured by any appropriate means, such as
by a threaded connection or use of an adhesive.
The cell 34 contains a plurality of bipolar, preferably

tubular-shaped electrodes. The first electrode 24 and second

5 electrode 26 are positioned or located within the enclosure

32 defined by the main portion 50 of the housing 22 between

the inlet opening 40 and outlet opening 42.

——

The first electrode 24 may comprise any desired shape or

configuration that accomplishes the desired objectives. The
10 first electrode 24, however, should be capable of carrying an
electrical charge and current.

The second electrode 26 may also comprise any desired
shape or configuration that accomplishes the desired
objectives. The second electrode 26 should also be capable

15 of carrying an electrical charge and current.

The first electrode 24 is juxtaposed near to the second
electrode 26. However, there is a spaced relationship
between the first electrode 24 and the second electrode 26.
It is important to remember that the water 46 must be capable

20 of passing between the first electrode 24 and the second

electrode 26 in a generally unimpeded manner, and an

" electrical charge and current must be capable of being passed

thrbugh the water 46 from the first electrode 24 to the
second electrode 26.

25 To achieve a fixed or adjustable spaced relationship

between the first electrode 24 and the second electrode 26,

securing means 28 that accomplish this task. are provided.

Such securing means 28 secure the fi:st electrode 24 and the
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second electrode 26 within the main portion 50 of the housing
22 in such a manner that the spaced relationship between the .
first electrode 24 and second electrode 26 can be easily
maintained. The securing means 28 may take any desired form
5 or design that accomplishes the required task. One
particular form for the securing means 28 will be discussed
in more detail further below.
Although other configurations can be used with this
invention, the interior of the cell 34 preferably consists of
10 two (2) or more coated tubular shaped catalytic electrodes 24
and 26 or curved plates. For example, in the preferred
embodiment of the invention, the first electrode 24 comprises
a plurality of elongated, coaxially-positioned, tubular
Plates 24'. For increase efficiency, the plates 24' of the
15| first electrode 24 should have a 'generally collinear
orientation with respect to passage of the water 46 through
the enclosure 32.
In a similar manner, the second electrode 26 also
comprises a plurality of elorigated, coaxially-positioned,
20! tubular plates 26'. The plates 26' of the.second electrode
26 should also have a generally collinear orientation with
réspect to passage of the water 46 through the enclosure 32.
Since most hydraulic conduits or pipelines have a
generally hollow, cylindrical .shape, it is preferred that the
25 plates 24' and 26' of the first electrode 24 and second
electrode 26 also comprise elongated, generally hollow,
cylindrical shapes. When placed within the hbusing 22, the

plates 24' and 26' should have successively larger diameters
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so that they fit in a telescopic manner within one another.
Of course, other configurations of the plates 24' and
26' can alternatively be used, if desired. However, to
minimize the amount of turbulence of the water 46 passing
5 through the enclosure 32, the inventor prefers to use plates
24' and 26' that have successively larger but similar cross-
sectional design as that of the pipe 44. The preferred
configuration of the plates 24' and 26' is that of a hollow,
cylindrical tube, pipe, or bent plate.
10 The plates 26' of the second electrode 26 are interposed
- between respective, proximate plates 24' of the first
electrode 24. Although the present invention functions in a
very different manner, the .design is similar to that.of a
multi-pldted capacitor using successively larger or smaller

15 spaced tubes placed within one another.

The spaced interposition of the plates 24' and 26' is
important so that a closed electrical circuit can be created
only when water 46 is passed between the plates 24' and 26°'.
Furthermore, with one exception that will be discussed

20 further below, it is desirable that the ount of surface

area facing the respective interposed plates 24' and 26' be

maximized to better facilitate passage of current therefrom

and affect a greater amount of water 46 passing therebetween.
\

Such interposition may be accomplished by using securing

25 means 28 that spaces the plates 26' of the second electrode

26 in an interposed relationship between the plates 24' of

the first electrode 24. For example, the inventor prefers to

use generally "Y"-shaped plate or electrode spacers, end
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braces, or guides 28' to quickly and easily hold and space

the plates 24' and 26' relative to one another. The spacers

or guides 28' are adhered or otherwise secured to the plates
T ———

24' and 26'. A friction fit between the spacers or guides
28' and the plates 24' and 26! may be sufficient.
Alternatively, the spacers or guides 28' may be provided with
notches 62, channels, or indentations therein that are
designed to receive and retain the variously sized plates 24°
and/or 26'. The outermost edges 64 of the nonelectrically
conductive spacers or guides 28°* may be braced or otherwise
secured to the interior sidewalls 66 of the housing 22.

The securing means 28 may further comprise means for
preventing the passage of the water 46 through the enclosure
32 except between the first electrode 24 and the second
electrode 26. For example, a spacing or spacer ring 68 may
be placed between the plates 24' and 26°' and the interior
sidewalls 66 of the main portion 50 of the housing 22.

To maximize the amount of retained dissolved oxygen
within the water 46, the housing 22, the first electrode 24,
the second electrode 26, the securing means 28, and the
current means 30 are all configured and dimensioned to reduce
turbulence within the water 46 passing through the enclosure

32, thereby allowing the water 46 to maintain a maximum

' laminar flow.

To minimize turbulence, the inventor prefers to use a
housing 22 that has the same general cross-sectional
configuration as the pipe 44. 1In aadit:ion, after placement

of the cell 34 within the housing 22, the remaihing cross-
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sectional area available for passage of the water 46 through
the enclosure 32 should comprise approximately the same area,
or generally comparable cross-sectional area, aslthat of the
interior area of the pipe 44. As a result, there should be
5 no appreciable increase or decrease in the pressure within
the water 46 as the water 46 passes through the enclosure 32.
The inventor desires to eliminate adverse venturi
affects within the apparatus 20 and system. If a venturi
affect occurs, there will be a lowering of water pressure.
10 If there is a pressure drop, gases will come out of the
solution which is undesirable.
Consequently, the cross-sectional area of the apparatus
20 is enlarged, as compared to the input pipe 44. Such
enlargement accounts for the added cross-sectional dimensions
15 of the internal components within the apparatus 20. The rate
of flow of the water 46 through the system should not
dramatically increase or decrease.
To further reduce turbulence within the enclosure 32,
the inventor prefers to use plates 24' within the first
20 electrode 24 and plates 26' within the second electrode 26
that have a respective leading edge 24" and 26" that is
tapered to a relatively sharp edge. Similarly, the trailing
edge 24"' of the plate 24' should be tapered to a relatively
sharp edge. The trailing edge 26"' of thé plate 26' should
25 also be tapered to a relatively sharp edge. Tapering of the
leading and trailing edges further.reduée turbulence within

the .water 46.
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The invention also contemplates the use of current.means
30 for supplying a direct electrical current to the first
electrode 24, through the water 46, and into the second
electrode 26 to form a closed electrical circuit or loop. In
effect, the current means 30, the first electrode 24, the
water 46, and the second electrode 26 define the electrolytic
or electrocatalytic cell 34.

In the preferred embodiment of the invention, the
current means 30 comprises an electrical power supply 80 or
source that is positioned externally from the housing 22 or
cell 34. For example, a power supply 80 similar that
described in U.S. Letters Patent No. 4,917,782 may be used
with the present invention. .

The first and second electrodes 24 and 26 are connected
to the power supply 80 and are thereby electrically active in
the water 46 solution. 1In is important to note that each

electrode 24 and 26 are set in electrically insulated

material that insures proper spacing and minimum current

leakage between the electrodes 24 and 26,

A very low voltage is used. For example, in a typical
application the power supply 80 delivers about one (1) volt
to sixty (60) volts of direct current to the plate 24' and
26' defining the cell 34. The actual amount of voltage will
depend upon the conductivity, temperature, and elevation of
the water 46.

The cell 34 operates on about 0.5 amperes to 600 amperes
depending upon the size and length.of the first and second

electrodes 24 and 26 (respectively comprising plates 24' and
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26'), and depending upon the characteristics of the water 46
such as its conductivity.

Electrical charges and currents within the anges do
not adversely effect fish. ’

5 In addition, the system uses an isolated direct current
(DC) voltage system within the cell 34. Since the fish are
—nece the 1S are

not lowved to go through the cell 34, the fish are not

a@gg;gg&x_gffffffg. The passage of the fish can be blocked
by an input screen (not shown). Even if the input screen was

10 removed,' the fish would not be able to pass through the
filters and related equipment used with the cell 34. There
is no voltage leakage ocutside of the cell 34 back to the pond
at all. The transformer is isolated from the alternating
current (AC) line and only director current (DC) is exposed

15. to the water 46. Consequently, the only electrical flow
occurs within the cell 34 itself.

Normally, when water 46 1is heated the amount of
dissolved oxygen contained therein will necessarily decrease.
Because of this problem, one would be motivated not to heat

20 the water 46. Since subjecting the water 46 to an electrical
current w;ll necessarily heat the water 46, commonly accepted
principles teach away from the present invention.

However, when water 46 is heated its conductivity
actually increases. The increased conductivity of the water

25 46 counteracts any lowering of the total amount of dissolved
gas contained within the water 46 due to the temperature
increase. Consequently, the prbcesses of the present

invention can be effectuated without adverse impact from the
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water 46 becoming partially heated.

Since water is not as electrically conductive when cold,
the present invention functions even better when the water is
warmer or heated. At higher temperatures, the apparatus 20
works extremely well.

The first electrode 24 and the second electrode 26 are
bipolar. cConsequently, an electrical timer 82, similar to
that described in U.S. Letters Patent No. 4,917,782, can be
used to periodically reverse the polarity within the cell 34.
By reversing the polarity within the cell 34, debris adhering
to the plates 24' and 26' can be urged to fall off.

The time periods for electrical current reversals vary
depending upon the type and amount or level of water
contamination and the debris buil@up. The inventor prefers
a minimum reversal time period of about ten (10) minutes. A
maximum reversal time period should be about eight (8) hours.
Due to this electrically self-cleaning feature, no mechanical
cleaning of the cell 34 is generally required.

Thg_g5xggg_ggnezation~p:acess_descrihgg;ggggig_gggg_ggg:

consumable catalytic type electrodes 24 and 26 andlgg_glgsfs

24' and 26'. The spacing of the first and second electrodes

24 and 26 and shape of the cell 34 are designed to maximize

or optimize dissolved oxygen production. The applied voltage
- _— s

ang‘current levels are also designed to maximize production

of dissolved oxygen.
R S

The spacing between respective plates 24' and 26°' varies

from about 0.1 inch to 1.0 inch depending on the type of
—
water contamination that is being treated. The desired flow
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rates, pipe size, and type of contamination being treated
will primarily dictate the number of electrode plates 24' and
26' that must be used.
Power is supplied to the electrode plates 24' and 26'
5 positioned within the enclosure 32 by means of one or more
cables, wires, and/or straps 84 and 86 that are welded or
otherwise electrically connected or secured to piates 24' and
26', respectively. In the preferred embodiment, an
electrically conductive strap 84 is provided for the set of
10 plates 24' that comprise first electrode 24. Similarly, an
electrically conductive strap 86 is provided for the set of
plates 26' that comprise second electrode 26.
The strap 84 is connected in a parallel fashion to each
plate 24' within the first set of electrodes 24. The strap
15 86 is connected in a parallel fashion to each plate 26!
within the second set of electrodes 26.
The opposed terminal ends 84' and B6' of the straps 84
and 86 are past through the sidewall 66 of the housing 22,
whereupon the terminal ends 84' and 86' are connected to the
20 externmal power supply 80 by any convenient manner. Thus
configured, an electrical current can be past through the
cell 34 once water 46 fills the gap between the respective
Plates 24' and 26°'.
To reduce the amount of maintenance required by the
: 25 invention, the electrically conductive straps 84 and 86 are
welded to each electrode plate 24' or 26' within that

particular set of electrodes 24 or 26, respecﬁively.
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If the straps 84 and 86 have any significant width
thereto, a slot 88, channel, or notch may be cut into each
electrode plate 24' or 26' to accommodate the placement of
the straps 84 or 86 therein. As a resuit, the straps 84 and
86 may be mounted or placed edgewise within the flow path of
the water 46 and thereby minimize its affect on turbulence
within the water 46.

Within the preferred embodiment of the invention, a
centermost portion of the cell 34 comprises a solid, thin,
cylindrical water block 90. Water block 90 may or may not be
tapered to a point. The water block 90 is designed to
further prevent water 46 from passing through the enclosure
32 without first passing between two oppositely charged
electrode plates 24" and 26" and thereby being
electrocatalytically treated.

The reader is reminded of the above-mentioned spacing or
spacer ring 68, that is placed between the plates 24' and/or
26' and the interior sidewalls 66 of the main portion 50 of
the housing 22. That spacing or spacer ring 68 also prevents
the passage of the water 46 through the enclosure 32 except
between the first set of plates 24' that define the first
electrode 24 and the second set of plates 26' that define the
second electrode 26. Thus positioned, water 46 cannot bypass
the cell 34 unless a different bypass pipe (not shown) is
used.

The centermost cylindrical water block 90, the outermost
spacing or spacer ring 68, the plate or electrode spacers or

guides 28', the inlet coupling 48, the outlet coupling 56,
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and the interior sidewalls 66 of.the housing 22 are all
preferably manufactured from an electrically nonconductive
material such as, but not limited to, PVC, Teflon, or nylon.

To facilitate proper welding of the electrical straps 84
and 86 to the appropriate sets‘of plates 24' and/or 26', both
the straps 84 and 86 and both sets of plates 24' and 26' or
electrodes 24 and 26 are preferably manufactured from
titanium. Of course, other metals may also be used, but the
inventor prefers to use titanium.

In addition, either or both of the setsHof plates 24°
and/or 26', such as the first electrode 24 and/or the second
electrode 26, are coated with iridium oxide, ruthenium oxide,
rhodium oxide, palladium oxide, osmium oxide, platinum oxide,
or any other coating material that enhances the capability of
the cell 34 to perform its function. The inventor, however,
has found that the particularly selected metals and coatings
used for'the cell 34 as stated herein have unigue catalytic
properties.

To further enhance the efficiency of the cell 34, the
leading edge 24" of each plate 24' within the first electrode

24 is set forward of or set backward of each proximate

‘leading edge 26" of each plate 26' within the second

électrode 26. The aforementioned spacing along the
longitudinal axis 92 of the cell 34, as determined by the
passage of water 46.through the enclosure 32, should be about
one to one and one-half inches (1" to 1-1/2") between the
leading edges 24" of the plates 24! df the first electrode 24

and the leading edges 26" of the plates 26' of the second
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electrode 26. 1In other words, the leading edges 24" of the
plates 24' forming the first electrode 24 should not be
aligned with each proximately positioned leading edge 26" of
the plates 26' forming the second electrode 26. This
misalignment is intended to make sure that the plates 26' are
not within the electrical flow that supplies power to plates
24", Similarly, the plates 24' should not be within the
electrical flow that supplies power to plates 26°.

Furthermore, the leading edges 24" and 26" and the
trailing'edqes 24"' and 26"' of plates 24' and 26" should not
be actively involved within the electrolysis process or
excessive wear may occur.

The present invention may be praéticed without the use
of a mechanical filter. In effect the invention can be
practiced without the use of consumable chenicals, filters,
or other related equipment. No chemicals are used in this
process other than for ph adjustment.

Alternatively, if desired, one or more filters 94 may be
operatively connected to the housing 22 or be pPlaced upstream
and/or downstream from the apparatus 20 within the pipe 44.
For example, the filter 94 may remove contaminants from the
water 46 before the water 46 passes through the enclosure 32.
Figure 5 illustrates the filter 94 installed upstream of the
apparatus 20. The filter 94 may take any desired form.
However, the filter 94 should not significantly retard the
flow of water 46 through the apparatus 20.

The water 46 may be gravity fed'through the pipe 44 and

through the apparatus 20.
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To prevent excessive build-up within the holding tank
100, the inventor uses a flood sensor (not shown) that
governs the input of waste water 46' through the input pipe
44.

5 Alternatively, one or more pumps 96 may be used to
increase the pressure of the water 46 and thereby urge the
water 46 to pass through the enclosure 32. The pump or pumps
96 can be operatively connected to the apparatus 20 or to the
pipe 44, or actually be integrally formed within the housing

10 22 of thée apparatus 20.

The invention is intended for use with water circulation
apparatus to clean and purify the water 46 and remove the
minerals therefrom. Prior to passing through the apparatus
20 and/or after having passed through the apparatus 20, the

15 water 46 may be deposited into a holding pond 98, holding
tank 100, or the like. Figure 5 schematically illustrates

the use of the holding pond 98, such as an open aquarium,

fish pond, waste water treatment pond, aquarium, hot tub, or

swimming pool.

20 FPigure 6 schematically illustrates the use of the
apparatus 20 with one or more enclosed holding tanks 100. In
essence, the holding tank 100 is operatiVely connected to an
input pipe 102. The holding tank 100 is capable of holding
or detaining the water 46 after the water 46 has past through

25 the enclosure 32, thereby permitting contaminants within the
water 46 to settle to a bottom 104 of the holding tank.

.To achieve this end, contaminafed water 46 is initially

pumped into the holding tank 100 through input pipe 102 where
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the water 46 is stored. Each holding tank 100 is provided
with an inlet port 106 and an outlet port 108. The inlet
port 106 is positioned near a lower portion 110 of the
holding tank 100 to receive unprocessed water 46°
therethrough. The outlet port 108 is positioned near an
upper portion 112 of the holding tank 100 to permit removal
of processed water 46" therethrough.

Some of the contaminants may be mechanically removed
from the unprocessed water 46' by means of one or more
filters 94 that are placed within the input pipe 102.

Once passed into the holding tank 100 through the inlet
port 106, some of the contaminants may settle out of the
unprocessed water 46' before the water 46 is past into the
cell 34.

The unprocessed water 46' is drawn from near the bottom
104 or middle portion 114 of the holding tank 100 and is
pumped into the cell 34 where the ﬁater 46 is
electrocatalytically scrubbed. After exiting the cell 34,
the processed water 46" is pumped back into the holding tank

100 whereupon the coagulated contaminants can settle to the

bottom 104 of the holding tank 100.

_ Due to the high electrical flow between the plates 24°'
and 26', high dissolved oxygen levels ionize. and coagulate
the solids within the water 46 thereby causing such solids to
precipitate. The oxidized solid waste can then be removed
from the bottom 104 of the holdiqg tank 100. Hydrogen-
sulfide, phenols, and trace oils can all be broken down by

using this method. In particular, when BOD and COD have
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their oxygen demand met and then exceeded by a large amount,
the breakdown of the waste is very'rapid.

In comparison, the generation of dissolved oxygen using
other technblogies is very slow, from hours into days and

5 weeks, due to an inability to effectively produce high
dissolved oxygen levels. '

With the present invention, however, the cell 34 is
specially designed to maximize the production of dissolved
oxygen in water 46 flowing through it. The shape of the

10 parts of the apparatus 20 are designed to reduce turbulence
and to maintain a high level of dissolved oxygen within the
water 46. Furthermore, the selection of voltage and current
levels are also set to maximize dissolved oxygen generation.

With each successive pass through the cell 34, the water

15 46 is further purified.. In addition, with each pass nitrogen
gas is being expelled from the processed water 46" and is
being immediately replaced with dissolved oxygen that is
Ccreated during the electrocatalytic process.

The holding tank 100 preferably has a vent 116 located

20 near its uppefmost portion 118. Gaseous nitrogen, oxygen
and/or other undesired gases that are expelled from the cell
34 will float to the upper surface 120 of the holding tank
100, whereupon such gases can be vented, released, or -
expelled to another holding tank 101' for further processing

25 or be vented to the outside atmosphere. The venting of such
gases eliminates the possibility ﬁhat such gases will be

reabsorbed back into the processed water 46%. .
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As a consequence of using the disclosed apparatus 20 and
processes, processed, purified water 46" will naturally
migrate to the upper portion 112 of the holding tank 100.
In effect, a stratification of the water 46 occurs. As the
water 46 becomes more gasified or has less contaminants
therein, such processed water 46" rises upward. Unprocessed
water 46' containing contaminants that are clumped together
fall to the bottom. Consequently, natural stratification
occurs. Eventually the processed water 46" floats to the top
of the liolding tank 100 and unprocessed or less processed
water 46°' fallé to a lower level for reprocessing.

The apparatus 20, and particularly the holding tank 100,
may also be provided with means for removing settled

contaminants from the bottom 104 of the holding tank 100.

.Any appropriate means to accomplish this task may be used.

The processed water 46" that remains near the upper
surface 120 of the holding tank 100 can be drawn off by
gravity or be pumped off into another holding tank 100¢,
whereupon the process is again repeated.

The present invention can be used without a holding tank
100 (as shown in Figure 5), with a single holding tank 100,
or with a plurality of holding tanks 100, 100' and 100". At
each successive level or passage to the next holdiné tank
100, 100' and 100", the processed water 46" will become

Progressively purified of contaminants, will have significant

amounts of dissolved nitrogen displaced therefrom, and will

eventually have extremely high volumes of dis‘solved oxygen

contained therein.
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As seen in Figure 6, a cell 34 is not installed within
the third or last illustrateﬁ holding tank 100", By the time
the water 46 reaches the third tank 100", the 1levels of
dissolved oxygen contained within the water 46 are very high.

5 Consequently, the advantageous effects imparted by high
levels of dissolved oxygen will continue even after the
production of dissolved oxygen ceases. The inventor refers
to this as a residual kill process where contaminants are
continuing to be purged from the water reservoir within

10 holding tank 100".

In comparison, if only ozone is introduced into the
water 46, fifteen seconds down the pipe 44 the ozone has
dissipated and is no longer effective. If the present
invention is used, a residual kill continues for an extended

15 period of time because, according to Henry's law, the balance
of dissolved gases within the water 46 must be maintained.

Chlorine may be placed within the water 46 and residual
kill will occur for a substantial period of time. However,
chlorine stays in the solution.

20 Dissolved oxygen functions in a similar manner as
chlorine but dissolved oxygen is eventually released into the
atmosphere and the water solution is allowed to equalize.
Thus, the present invention is much more ecologically
friendly to the environment than using chlorine.

25 The present invention contemplates not only the
apparatus 20 disclosed and claimed herein, in all of its
forms and alternative embodiments, but also contemplates the

described methods and processes for increasing the amount of
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dissolved oxygen within water 46 and breaking down the
molecular structure of water borne.orqanisms.

Basically the process passes low direct current (Dc)
voltage, using a catalytic-type cell 34, through water 46.
The catalytic action of the cell 34 forces most of the oxygen
that is broken apart from water molecules to go directly into
a dissolved oxygen state.

The dissolved oxygen levels that can be created by these
processes can increase a dissolved oxygen saturation point
from around three parts per million (3.0 ppm) to about twenty
parts per million (20.0 ppm), depending on the starting
conditions of the water 46. Under some circumstances,
certain dissolved minerals react with the oxygen slowing down
the oxygen generation process.

Such processes or methods may include the following
steps:

First, passing water 46 through a conduit or pipe 44
into a housing 22 that defines an enclosure 32.

Second, passing the water 46 between a first electrode
24 and a second electrode 26 contained within the enclosure
32. The first electrode 24 and second electrode 26 each are
capable of carrying an electrical charge and current. The
first electrode 24 is juxtaposed near the second electrode 26
in a spaced relationship to the second elecfrode 26.

Third, supplying a direct electrical charge and current
to the first electrode 24 so that the direct electrical
current passes through the first electrode 24, through the

water 46, and into the second electrode 26 to form a closed
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electrical circuit or loop. The means for sﬁpplying the
direct electrical current, the first electrode 24, the water
46, and the second electrode 26, in fact, define an
electrolytic and/or electrocatalytic cell 34. The direct
5 electrical current should be sufficient, when passed through
the water 46, to break apart water molecules. The direct
electrical current should also be sufficient to break down
the molecular structure- of water borne organisms and/or
chemicals by means of electrolysis and by oxidization created
10 from the breaking apart of the water molecules.
Example
A small pond having a temperature of 30 degrees Celsius
and a medium fish loading would typically have a dissolved
oxygen saturation point of 7.6 parts-per-million (ppm). If
15 the fish loading or containment is higher, the dissolved
oxygen saturation point would be slightly less than 7.6 ppm.
When using other technologies, such as with air blowers
as described above, the dissolved oxygen saturation point of
7.6 ppm can be maintained. Under perfect conditions, using
20 such apparatus might obtain a maximum saturation point of
around 9.0 ppm. A higher amount of dissolved oxygen would
result in healthier fish with better food conversion ratios.
Use of air blowers, however, requires a substantial
amount of electrical power. For example, a typical rate of
25 power usage would be approximately 5.0 kilowatts per hour.
Using the apparatus of the present invention, the very
same pond can be easily maintained‘with a dissolved oxygen

saturation point of 14.0 to 16.0 ppm. The power requirements
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to obtain such a dissolved oxygen saturation point would only
be 0.9 kilowatts of electrical power per hour.

To accomplish this phenomenal improvement, the apparatus
only needs to use eight (8) electrode plates and have a
diameter of three (3) inches. The power requirement would be
twenty-four (24) volts of direct current at thirty-seven (37)
amperes. The flow rate of the treated water would be seventy
(70) gallons per minute. The entire treatment system would
consist of only the power supply, the cell, a filter, and a
pump for water movement.

It should be noted that the inventor has experimented
with apparatus 20 having different cross-sectional
configurations and has discovered that the design illustrated
in the accompanying drawings can generate approximately
eighty percent (80%) more dissolved oxygen per watt of power
than a system that uses flat, planar plates, as opposed to
the cylindrical plates 24" and 26" discussed above.

The means and construction disclosed herein are by way
of example and comprise primarily the preferred forms of
putting the invention into effect. Although the drawings
depict preferred and alternative embodiments of the
invention, other embodiments have been described within the
preceding text. One skilled in the art will appreciate that
the disclosed device may have a wide variety of shapes and
configurations. Additionally, persons skilled in the art to
which the invention pertafhs might .consider the foregoing
teachings in making various modifications, othef embodiments,

and alternative forms of the invention.
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It is, therefore, to be understood that the invention is
not 1limited to the particular embodiments or specific
features shown herein. To the contrary, the inventor claims
the invention in all of its forms, including all
alternatives, modifications, equivalents, and alternative
embodiments that fall within the legitimate and valia scope
of the appended clainms, appropriately interpreted under the
Doctrine of Equivalents.

INDUSTRIAL APPLICABILITY

The present invention may be utilized wherever simple,
reliable, easily used apparatus and methods are needed to
increase the level of dissolved oxygen within a body of
water. For example various.aquatic, waste water treatment,
sewvage treatment, water purificaﬁion, paper processing, and
many other plﬁnts and industries require high 1levels of
dissolved oxygen within the water. The apparatus of this
invention is compact, functional, unobtrusive, efficient,
reusable, durable, rugged, is easily constructed, and is
inexpensive and economical to manufacture.

The present invention has a special benefit of allowing
its use with a wide variety of differently sized water
conduits or pipelines. The apparatus may be easily
manufactured with the appropriate length, width, and/or
diameter to fit the ‘needs of a particularly required
application.

The present invention may be secured to the conduit or

pipeline in areas of extremely limited access. This feature

makes the apparatus particularly unobtrusive and useful in
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areas where aesthetics are important, such as with
residential fish tanks.

Preexisting conduits or pipelines may be utilized.
Other than to install the apparatus, there is no need to
modify, alter, or deface the preexisting machinery.
Alternatively, the invention may be incorporated into or

formed integrally within new hydraulic systems.
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What is claimed is:

Claim 1. Apparatus for increasing amount of dissolved

oxygen within water passing through a conduit or pipe, said

apparatus comprising:

(a)

(b)

(c)

(a)

(e)

a housing defining an enclosure therein, said housing
having a first end and an opposed second end, said
housing having an inlet opening at said first end, said
housing having an outlet opening at said second end,
said housing capable of being secured to the conduit or
pipe in a manner permitting the collinear passage of the
water into said inlet opening, through said enclosure,
and out of said outlet opening;

a first electrode capable of carrying an electrical
current positioned within said enclosure;

a second electrode capable of carrying an electrical
current positioned within said enclosure, said first
electrode being juxtaposed near said second electrode in
a spaced relationship to said second electrode, the
water capable of passing between said first electrode
and said second eleétrode;

means for securing said first electrode and said second
electrode in spaced relationship one to another within
said enclosure; and .

means for supplying a direct electrical current to said
first electrode, through the water, and into said second

electrode to form a closed electrical circuit or loop,
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said current means, said first electrode, the water, and
said second electrode defining an electrolytic or
electrocatalytic cell.
5 Claim 2. The apparatus of Claim 1, wherein said first

10

15

20

25

electrode comprises a pPlurality of elongated, coaxially-
positioned, tubular plates, said’ plates of said first
electrode having a generally collinear orientation with

respect to passage of the water through said enclosure.

Claim 3. The apparatus of Claim 2, wherein said second
electrode comprises a Plurality of elongated, coaxially-
positioned, tubular plates, said plates of said second
electrode having a generally collinear orientation with
respect to passage of the water through said enclosure, said
Plates of said second electrode being interposed between

respective plates of said first electrode.

Claim 4. The apparatus of Claim 3, wherein said plates

of said first electrode comprise hollow cylindrical plates.

Claim 5. The apparatus of Claim 4, wherein said plates

of said second electrode comprise hollow cylindrical plates.

Claim 6. The apparatus of cClaim 3, wherein said
securing means further comprises means for spacing said
Plates of said second electrode in an’ interposed relationship

between said plates of said first electrode.
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cLaim 7. The apparatus of Claim 6, wherein said plates
of said first electrode and said plates of said second
electrode each have a leading edge and a trailing edge, each
said leading edge being tapered to reduée turbulence within

the water.

Claim 8. The apparatus of Claim 7, wherein each said
trailing edge is tapered to further reduce turbulence within

the water.

Claim 9. The apparatus of Claim 7, wherein each saia
leading edge of said first electrode is not aligned with each
proximate said leading edge of said second electrode, each
said leading edge of said first electrode being set forward
of or set backward Of each proximate said leading edge of

said second electrode.

Claim 10. The apparatus of Claim 1, wherein said
securing means prevents passage of the water through said
enclosure except between said first electrode and said second

electrode.

Claim 11. The apparatus of Claim 1, wherein said
housing further comprises an inlet coupling having a narrower
inlet end and a larger outlet end, said narrower inlet end of
said inlet coupling capable of beinq secured to the conduit

or pipe.
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Claim 12. The apparatus of Claim 1, wherein said
housing further comprises an outlef coupling having a larger
inlet end and a narrower outlet end, said narrower outlet end
of said outlet coupling capable of being secured to the

conduit or pipe.

Claim 13. The apparatus of claim 1, wherein said
housing, said first electrode, said second electrode, said
securing means, and said current means are dimensioned to
reduce turbulence within the water and provide a passage for
the water through said enclosure that has a generally

comparable cross-sectional area to that of the conduit or

pipe.

Claim 14. The apparatus of Claim 1, further comprising
at least one holding tank operatively connected to the
conduit or pipe, said hblding tank capable of holding or
detaining the water after the water has passed through said
enclosure to permit contaminants within the water to settle

to a bottom of said holding tank.

Claim 15. The apparatus of Claim 14, wherein said
holding tank further comprises means for removing

contaminants that settle to said bottom of said holding tank.
Claim 16. The apparatus of Claim 14, wherein said

holding tank further comprises a vent>through which undesired

gases held within said holding tank may be released or
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expelled.

Claim 17. The apparatus of Claim 16, wherein said
. holding tank is provided with an inlet port and an outlet
5 port, said inlet port being positioned near a lower portion
of said holding tank to receive unprocessed water
therethrough, said outlet port being positioned near an upper
portion of said holding tank to permit removal of processed
water therethrough.
10
Claim 18. The apparatus of Claim 1, further comprising
at least one pump operatively connected to the conduit or
pipe, said pump urging the water to pass through said
enclosure.
15
Claim 19. The apparatus of Claim 1, further comprising
at least one filter operatively connected to said housing or
to the conduit or pipe, said filter removing contaminants
from the water before the water passes through said

20 enclosure.

Claim 20. The apparatus of Claim 1, wherein said first
electrode is coated with iridium oxide, ruthenium oxide,
rhodium oxide, palladium oxide, osmium oxide, or platinum

25 oxide.
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Claim 21. The apparatus of Claim 20, wherein said
second electrode is coated with - iridium oxide, ruthenium
oxide, rhodium oxide, palladium oxide » osmium oxide, or

platinum oxide.

Claim 22. The apparatus of Claim 1, wherein said first

electrode is manufactured from titanium.

Claim 23. The apparatus of Claim 22, wherein said

second electrode is manufactured from titanium.

Claim 24. A method for increasing the amount of
dissolved oxygen within water and breaking down the molecular
structure of water borne organisms, said method comprising
the steps of:

(a) passing the water through a conduit or pipe into a
housing defining an enclosure;

{(b) passing the water between a first electrode and a second
electrode contained within the enclosure, the first
electrode and the second electrode each capable of
carrying an electrical current, the first electrode
being juxtaposed near the second electrode in a spaced
relationship to the second electrode;

(c) supplying a direct electrical current to the first

electrode so that the direct electrical current passes

through the first electrode, through the water, and into
the second electrode to form a closed electrical circuit

or loop, the current means, thg first electrode, the

JA238

OWT Ex. 2118

Tennant Company v. OWT

IPR2021-00625



Page 241

CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 241 of 1320

WO 9521795

10

15

20

25

PCT/US95/01730

water, and the second electrode defining an electrolytic

or electrocatalytic cell, the direct electrical current
being sufficient when passed through the water to break
apart water molecules, the direct electrical current
further being sufficient to break down chemicals by
means of electrolysis and by oxidization created from

the breaking apart of the water molecules.

Claim 2s. A method for increasing the amount of

dissolved oxygen within water and breaking down the molecular

structure of water borne organisms, said method comprising

the steps of:

(a)

(b)

(c)

passing the water through a conduit or pipe into a
housing defining an enclosure:;

passing the water between a first electrode and a second
electrode contained within the enclosure, the first
electrode and the second electrode each capable of
carrying an electrical current, the first electrode
being juxtaposed near the second electrode in a spaced
relationship to the second electrode;

supplying a direct electrical ‘current to the first
electrode so that the direct electrical current passes
through the first electrode, through the water, and.into
the second eléctrode to form a closed electrical circuit
or loop, the current means, the first electrode, the
water, and the second electrode defining an electrolytic
or electrocatalytic cell, the direct electrical current

being sufficient when passed through the water to break
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apart water molecules, the direct electrical current
further being sufficient to break down the molecular
structure of water borne organisms by means of
electrolysis and by oxidization created from the

breaking apart of the water molecules.
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International application No.
PCT/US95/01730

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
. IPC(6) :CO2F 1/46
US CL : 204/149, 272, 275-278, 290R, 290F
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation scarched (classification system f d by classification symbols)

US. : 204/149, 272, 275-278, 290R, 290F

Documentation searched other than minimum documentation to the extent that such documents arc included in the ficlds searched

nonc

Electronic data base consulted during the international scarch (name of data base and, where practicable, search terms used)
none

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X Us, A, 2,864,750 (HUGHES, JR ET AL) 16 December 1958,] 1, 11-15, 24-25
Figures and col. 3, lines 40-57 and col. 5, lines 43-50.

X US, A, 3,539,486 (FLECK) 10 November 1970, col. 1, lines{ 1, 10-13, 22,
35-60 and col. 3, lines 5-34. 24-25

X Us, A, 3,654,119 (WHITE ET AL) 04 April 1972, Figure 1,| 1, 10, 18, 24-
col. 3, lines 45-55 and col. 5, line 2. 25

X US, A, 4,572,775 (PANIAGUA) 25 February 1986, Figure 1} 1, 10-12, 19,
and col. 3, lines 48-60. 24-25

X Us, A, 4,917,782 (DAVIES) 17 April 1990, Figures, col. 3,| 1, 10-12, 18-25

lines 5-24 and 64-66 and col. 5, lines 29-40.

[x] Fusther documents are listed in the continuation of Box C.  [_]  See patent family annex.

. Special caegorics of citad documents: T doﬂpubhhdlhlbmﬁl-'bwm
“A* documentdefining the gencrad state of the art which is aot considered ml:n M'ﬂl;:eumhm.
to be of particular relevance L
et > carticr document published 0n of after the isternational fiing date x amdud.-‘a;duwh the Ivean i :
- ::‘“"“""“Z"““‘“;::’,“""‘“"""’:; ‘when the document is taken alone
% esmblish the publication snother citation or . .
ial e od of ‘ the claimed isvention casant be
(ss specified) comsidered 10 involve an inventive step when the docuroent is
o° d referring to an oral diech use, exhibition or other imed with one or more other such d such
meane being cbvious 10 8 person akilled in the art
r 4 blished prior 1o the & I iling dato but later than  *g°
document pebiia pr hling &' document member of the same patent family
Date of the actual completion of the international h Date of mailing of the international search report
29 MARCH 1995 PSMAY 1995 .

Name and mailing address of the ISA/US Authorized o,

Commissionst of Pueats and Trademnarks ; M
] R. Valentine

ldnngm. D.C. 20231
Facsimile No.  (703) 305-3230 /| Telephone No. (703) 308-3327

Form PCT/ISA/210 (sccond sheet)July 1992)x
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INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US95/01730

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US, A, 4,936,979 (BROWN) 26 June 1990, Figure 1 and col. 1, {1, 13, 18-19
lines 40-68 and col. 3, lines 1-35. ’
A US, A, 3,563,879 (RICHARDS ET AL) 16 February 1971, 1 .
Figure 1.
A US, A, 4,525,272 (HENSON) 25 June 1985, Figure 1. 1
A US, A, 4,915,846 (THOMAS, JR ET AL) 10 April 1990, 1
Figures. :

Form PCT/ISA/210 (continuation of second sheet)(July 1992)x
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®

L Number Hits [ Search Text DB Time stamp
1 3929 [ electrolysis near5 water USPAT 2003/09/24 14:09
2 1726 | microbubble$2 or nanobubble$2 USPAT 2003/09/24 14:54
3 11 | (microbubble$2 or nanobubble$2) and USPAT 2003/09/24 14:17
(electrolysis near5 water)
4 22385 | oxygena$é USPAT 2003/09/24 14:18
5 100 | oxygena$6 and (electrolysis near5 water) USPAT 2003/09/24 14:42
6 9 [ oxygen adjl emitter USPAT 2003/09/24 14:43
7 1| 5534143.pn. USPAT 2003/09/24 14:44
8 1|6394429.pn. USPAT 2003/09/24 14:45
9 1|5982609.pn. USPAT 2003/09/24 14:46
10 1|4252856.pn. USPAT 2003/09/24 14:53
11 452 | 205/755-758, 626, 628, 633.ccls. USPAT 2003/09/24 14:53
13 2|205/755-758,626,628,633.ccls. and USPAT 2003/09/24 14:55
({(microbubble$2 or nanobubble$2) nearlO
(oxygen or 0.$2.))
12 98 | (microbubble$2 or nanobubble$2) nearl0 USPAT 2003/09/24 14:56
(oxygen or 0.$2.)
Search History 9/24/03 3:06:16 PM Page 1
C:\APPS\east\workspaces\Bruce's workspacel.wsp
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Attorney Docket AQI001US1 PATENT
828
2 éﬂ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
£ rape¥In re Application of: James Andrew Senkiw Examiner: Not assigned
Serial Number: 10/372,292 Group art unit: 1764

Title: MICROBUBBLES OF OXYGEN
Filing date: 21 February 2003

BOX MISSING PARTS
Assistant Commissioner for Patents
Washington, D.C. 20231

T am transmitting herewith the attached:
A Copy of Notice to File Missing Parts (2 pages)
Check for $580 for filing fee, surcharge and additional claim fees
Formal drawings (5 pages)
__Assignment (1 page)
Check for $40 to record assignment
X Declaration and Power of Attorney () page)
X Return postcard

By:
Kathleen R. Terry
Reg. No. 31884
2417 Como Avenue

St. Paul, MN 55108-1459

I'hereby certify that these papers are being deposited with the USPS Service with sufficient first
class postage and addressed to BOX MISSING PARTS, Commissioner for Patents, Washington
D.C. 20231 on the date noted above.
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UNITED STATES
PATENT AND
: & TRADEMARK OFFICE

Commissioner for Patoots
Washington, ©C 20231
W USDLO. GOV

| APPLICATIONNUMBER | FILING/RECEIPT DATE | FRSTNAMED APPLICANT | ATTORNEY DOCKET NUMBER |
10/372,017 02/21/2003 James Andrew Senkiw AQI001.US1

CONFIRMATION NO. 9911
FORMALITIES LETTER

0 00O

*0C000000009837851*

Kathleen R. Terry
2417 Como Avenue
St. Paul, MN 55108-1459

Date Mailed: 04/15/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b})
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

¢ The statutory basic filing fee is missing.
Applicant must submit $ 375 to complete the basic filing fee for a small entity.
e The oath or declaration is unsigned.

¢ To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of

$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

¢ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

= The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 3.

= The drawings have a line quality that is too light to be reproduced (weight of all lines
and letters must be heavy enough to permit adequate reproduction) or text that is
illegible (reference characters, sheet numbers, and view numbers must be plain and
legible) see 37 CFR 1.84(l) and (p)(1)); See Figure(s) 1.

373.00 0P
£5.00 0P
140,00 0P

items Required To Avoid Processing Delays:

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

04/28/2003 JBALINAM 00000060 10372017

88 2
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Phgthiofs I

o Additional claim fees of $140 as a small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are

due.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $580 for a Small Entity

e $375 Statutory basic filing fee.

e $65 Late oath or declaration Surcharge.

e Total additional claim fee(s) for this application is $140
= $140for multiple dependent claim surcharge.

A copy of this notice MUST be returned with the reply.

LK

Cu‘; omcr Service Center
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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TITLE: MICROBUBBLES OF OXYGEN
INVENTOR: Jim Senkiw
DOCKET NO.: AQI.001US1
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TITLE: MICROBUBBLES OF OXYGEN
INVENTOR: Jim Senkiw
DOCKET NO.: AQL.001US1
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oA Attorney Docket No.AQI001.US1

& United States Patent Application

it
'«nﬁ‘%&"h/ COMBINED DECLARATION AND POWER OF ATTORNEY

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as

stated below next to my name; that
[ verily believe I am the original, first and joint inventor of the subject matter which is claimed and for which

a patent is sought on the invention entitled: MICROBUBBLES OF OXYGEN

The specification of which is attached hereto.

I hereby state that I have reviewed and understand the contents of the above-identified specification, including
the claims, as amended by any amendment referred to above.

1 acknowledge the duty to disclose information which is material to the patentability of this application in
accordance with 37 C.F.R. § 1.56 (attached hereto). I also acknowledge my duty to disclose all information known to
be material to patentability which became available between a filing date of a prior application and the national or
PCT international filing date in the event this is a Continuation-In-Part application in accordance with 37 C.F.R.
§1.63(e).

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or 365(b) of any foreign application(s) for
patent or inventor's certificate, or 365(a) of any PCT international application which designated at least one country
other than the United States of America, listed below and have also identified below any foreign application for
patent or inventor's certificate having a filing date before that of the application on the basis of which priority is
claimed:

No such claim for priority is being made at this time.

I hereby claim the benefit under 35 U.S.C. § 119(¢) of any United States provisional application(s) listed

below:
Application Number Filing Date
60/358,534 22 February 2002

I hereby claim the benefit under 35 U.S.C. § 120 or 365(c) of any United States and PCT international
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C.
§ 112, I acknowledge the duty to disclose material information as defined in 37 C.F.R. § 1.56(a) which became
available between the filing date of the prior application and the national or PCT international filing date of this
application:

No such claim for priority is being made at this time.

JA257
OWT Ex. 2118
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Attorney Docket No.:AQI001.USI Page 3 of 4
Serial No. not assigned
Filing Date: not assigned

I hereby appoint the following attorney(s) and/or patent agent(s) to prosecute this application and to transact
all business in the Patent and Trademark Office connected herewith:

Terry, Kathleen R. Reg. No. 31,884

I hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/
firm/organization/who/which first sends/sent this case to them and by whom/which T hereby declare that I have consented after full disclosure
to be represented unless/until I instruct Kathleen R. Terry to the contrary.

Please direct all correspondence in this case to Kathleen R. Terry at the address indicated below:
2417 Como Avenue, St. Paul, Minnesota 55108-1459
Telephone No. (651) 659-9819

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statefents may jeopardize the validity of the application or any patent issued thereon.

Full Name of joint inventor number 1:  James Andrew Senkiw
Citizenship: United States of America Residence: Minneapolis, MN
Post Office Address: 4750 Aldrich Avenue Noi

% Minneapolis, MN $5430, 5%9
Signature: - ”W Date: 9‘3 '4':0& Z¢¢3

/ James Andrew Senkiw -

Full Name of joint inventor number 2 :

Citizenship: Residence:

Post Office Address:

Signature: : Date:
JA258
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"iﬁ_”mﬁMKr“ MR D

COmmhalor\er for Pateots
. Washlngton DCLi20231

A . oL . WWW.USPO.gOoY
| APPLICATION NUMBER | FILING/RECEIPT DATE | FRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER |
10/372,017 02/21/2003 James Andrew Senkiw AQI001.US1

CONFIRMATION NO. 9911
FORMALITIES LETTER

0 O

*OC000000009837851*

Kathleen R. Terry
2417 Como Avenue
St. Paul, MN 55108-1459

Date Mailed: 04/15/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
i Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The statutory basic filing fee is missing.
Applicant must submit $ 375 to complete the basic filing fee for a small entity.
e The oath or declaration is unsigned.

e To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of

$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

m The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 3.

= The drawings have a line quality that is too light to be reproduced (weight of all lines
and letters must be heavy enough to permit adequate reproduction) or text that is
illegible (reference characters, sheet numbers, and view numbers must be plain and
legible) see 37 CFR 1.84(!) and (p)(1)); See Figure(s) 1.

375.00 0P
65.00 0P
140,00 0P

Items Required To Avoid Processing Delays:

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

04/28/2003 JBALIHAN 00000060 10372017

01 FC:2001
02 FC:2051
03 FC:2203
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e Additional claim fees of $140 as a small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional clalms for which fees are
due.

SUMMARY OF FEES DUE: \

Total additional fee(s) required for this application is $580 for a Small Entity

e $375 Statutory basic filing fee.
e $65 Late oath or declaration Surcharge. .
o Total additional claim fee(s) for this application is $140

= $140for multiple dependent claim surcharge.

A copy of this notice MUST be returned with the reply.

L Ko

Cus omer Service Center
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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4
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Best Available Copy

TS
0\95\

S 14 ‘ . ey
Aftorney Docket AQI00LUSI PATENT ‘\26’
APR 28 208 G / ‘
N fﬁ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
7 c‘,?..
A&
%“ maoeS re Application of: James Andrew Senkiw Examiner: Not assigned Vs
Serial Number: 10/372,292 - Group art unit: 1764

Title: MICROBUBBLES Or “XYGEN
Filing date: 21 February 2003

BOX MISSING PARTS
Assistant Commissioner for Patents
Washington, D.C. 20231

I'am transmitting herewith the attached:
l&;opy of Notice to File Missing Parts (2 pages)
Check for $580 for filing fee?;surcharge and additional claim fees
Formal drawings (5 pages)
__ Assignment (1 page) ;
Check for $40 to record assignment
X Declaration and Power of Attorney (2 page)
X Return postcard

By:

Kathleen R. Terry

Reg. No. 31884

2417 Como Avenue
St. Paul, MN 55108-1459

1

Ihereby certify that these papers are being deposited with the USPS Service with sufficient first
class postage and addressed to BOX MISSING PARTS, Commissioner for Patents, Washington
D.C. 20231 on the date noted above.
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Page 266

' TITLE: MICROBUBBLES OF OXYGEN

INVENTOR: Jim Senkiw
DOCKET NO.: AQI.001US1
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_:&‘.iih HFE0LT O EDE

¥

Attorney Docket No.AQI001.US!

United States Patent Application

COMBINED DECLARATION AND POWER OF ATTORNEY

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as

stated below next to my name; that
I verily believe I am the original, first and joint inventor of the subject matter which is claimed and for which
a patent is sought on the invention entitled: MICROBUBBLES OF OXYGEN

The specification of which is attached hereto.

I hereby state that I have reviewed and understand the contents of the above-identified specification, including
the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the patentability of this application in
accordance with 37 C.F.R. § 1.56 (attached hereto). I also acknowledge my duty to disclose all information known to
be material to patentability which became available between a filing date of a prior application and the national or
PCT international filing date in the event this is a Continuation-In-Part application in accordance with 37 C.F.R.
§1.63(e). ’

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or 365(b) of any foreign application(s) for
patent or inventor's certificate, or 365(a) of any PCT international application which designated at least one country
other than the United States of America, listed below and have also identified below any foreign application for
patent or inventor's certificate having a filing date before that of the application on the basis of which priority is
claimed: '

No such claim for priority is being made at this time.

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed

below:
Application Number Filing Date
60/358,534 22 February 2002

I hereby claim the benefit under 35 U.S.C. § 120 or 365(c) of any United States and PCT international
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C.
§ 112, I acknowledge the duty to disclose material information as defined in 37 C.F.R. § 1.56(a) which became
available between the filing date of the prior application and the national or PCT international filing date of this
application:

No such claim for priority is being made at this time.
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Serial No. not assigned
Filing Date: not assigned

I hereby appoint the following attorney(s) and/or patent agent(s) to prosecute this application and to transact
all business in the Patent and Trademark Office connected herewith:

Terry, Kathleen R. Reg. No. 31,884

I hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/
firm/organization/who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure
to be represented unless/until I instruct Kathleen R. Terry to the contrary.

Please direct all correspondence in this case to Kathleen R. Terry at the address indicated below:
2417 Como Avenue, St. Paul, Minnesota 55108-1459
Telephone No. (651) 659-9819

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

Full Name of joint inventor number 1:  James Andrew Senkiw
Citizenship: United States of America Residence: Minneapolis, MN
Post Office Address: 4750 Aldrich Avenue No

Minneapolis, MN $5430/3529

Signature: . ”W Date: 2'3 APK Z¢¢j

James Andrew Senkiw

Full Name of joint inventor number 2 :

Citizenship: Residence:
Post Office Address:
Signature: : Date:
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\ ) UNITED STATES =
PATENT AND - B

Commilasioner.for Patents
Washington, ODC {20231
: WWW.USPLO.gov

| APPLICATION NUMBER | - FILING/RECEIPT DATE | ‘ FiR'S'l; NAMED APPLICANT | ATTORNEY DOCKET NUMBER |
10/372,017 » 02/21/2003 James Andrew Senkiw AQI001.US1
CONFIRMATION NO. 9911
g:zt;lecen R. Xerry FORMALITIES LETTER
St Paul, MN 55108.1459 DA LG DD
! *OC000000009837851*

Date Mailed: 04/15/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b) &

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The statutory basic filing fee is missing.
Applicant must submit $ 375 to complete the basic filing fee for a small entity.

e The oath or declaration is unsigned.

¢ To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

o Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

» The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 3.

» The drawings have a line quality that is too light to be reproduced (weight of all lines
and letters must be heavy enough to permit adequate reproduction) or text that is
illegible (reference characters, sheet numbers, and view numbers must be plain and
legible) see 37 CFR 1.84(l) and (p)(1)); See Figure(s) 1.

Items Required To Avoid Processing Delays:

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.
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o Additional claim fees of $140 as a small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $580 for a Small Entity

e $375 Statutory basic filing fee.

e $65 Late oath or declaration Surcharge.

e Total additional claim fee(s) for this application is $140
= $140for multiple dependent claim surcharge.

A copy of this notice MUST be returned with the reply.

Qz%)(ﬁm

Custdmer Service Center
Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Title:

Attorney Docket No.:  AQI001.US1

James Andrew Senkiw
MICROBUBBLES OF OXYGEN

PATENT APPLICATION TRANSMITTAL

BOX PATENT APPLICATION
Commissioner for Patents
Washington, D.C. 20231

We are transmitting herewith the following attached items and information (as indicated with an "X"):

X  Return postcard.
]/ X Utility Patent Application under 37 CFR § 1.53(b) comprising:
/ X Specification ( 12 pgs, including claims numbered _1 through _14 and a 1 page Abstract).
X Informal Drawing(s) ( 5_sheets).
X Unsigned Combined Declaration and Power of Attorney (3 pgs).
X Applicant claims small entity status under 37 C.F.R 1.27.
The filing fee NOT ENCLOSED) will be calculated as follows:
No. Filed No. Extra Rate Fee
TOTAL CLAIMS 14-20= 0 x9 = $0.00
INDEPENDENT CLAIMS 3-3= 0 x42 = $0.00
[X] MULTIPLE DEPENDENT CLAIMS PRESENTED $140.00
BASIC FEE ' $375.00
TOTAL $515.00

THE FILING FEE WILL BE PAID UPON RECEIPT OF THE NOTICE TO FILE MISSING PARTS

o F s 2/ Lo
R. Terry \

Customer Number 21186

) Atty: Kathleen
Reg. No. 31,884

"Express Mail" mailing label number: _LE u— q"'o 7’?2 g 7'4 ds

Date of Deposit: February 21, 2003

This paper or fee is being deposited on the date indicated above with the United States Postal Service pursuant to 37 CFR 1.10, and is addressed to
The Commissioner for Patents, Box Patent Application, Washington, D.C. 20231.
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UNITED STATES PATENT APPLICATION

MICROBUBBLES OF OXYGEN

Applicant
James A. Senkiw
4750 Aldrich Avenue North
Minneapolis, MN 55430-3529

United States Citizen

Attorney Docket Number AQIO01.US1

- Kathleen R. Terry, to whom correspondence should be sent
Registration Number 31884
2417 Como- Avenue
Saint Paul, MN 55108-1459

Phone: 651 659 9819
FAX: 651 603 1809
Email: krterry@visi.com
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MICROBUBBLES OF OXYGEN
FIELD OF THE INVENTION

5 This invention relates to the electrolytic generation of microbubbles of oxygen for increasing the

oxygen content of aqueous media.
BACKGi{OUND OF THE INVENTION

10 Many benefits may be obtained through raising the oxygen content of aqueous media. Efforts
have been made to achieve higher saturated or supersaturated oxygen levels for applications such
as the improvement of water quality in ponds, lakes, marshes and reservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic animals, biological culture and
hydroponic culture. For example, fish held in a limited environment such as an aquarium, a bait

15 bucket or a live hold tank may quickly use up the dissolved oxygen in the course of normal
respiration and are then subject to hypoxic stress, which can lead to death. A similar effect is
seen in cell cultures, where the respiring cells would benefit from higher oxygen content of the
medium. Organic pollutants from agricultural, municipal and industrial facilities spread through
the ground and surface water and adversely affect life forms. Many pollutants are toxic,

20 carcinogenic or mutagenic. Decomposition of these pollutants is facilitated by oxygen, both by
direct chemical detoxifying reactions or by stimulating the growth of detoxifying microflora.
Contaminated water is described as having an increased biological oxygen demand (BOD) and
water treatment is aimed at decreasing the BOD so as to make more oxygen available for fish

and other life forms.

25
The most common method of increasing the oxygen c;)ntent of a medium is by sparging with air
or oxygen. While this is a simple method, the resulting large bubbles produced simply break the
surface and are discharged into the atmosphere. Attempts have been made to reduce the size of
the bubbles in order to facilitate oxygen transfer by increasing the total surface arca of the

30 oxygen bubbles. United States Patent Number 5,534,143 discloses a microbubble generator that

1
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achieves a bubble size of about 0.10 millimeters to about 3 millimeters in diameter. United
States Patent Number 6,394,429 discloses a device for producing microbubbles, ranging in size
from 0.1 to 100 microns in diameter, by forcing air into the fluid at high pressure through a small

orifice.

When the object of generating bubbles is to oxygenate the water, either air, with an oxygen
content 0f about 21%, or pure oxygen may be used. The production of oxygen and hydrogen by
the electrolysis of water is well known. A current is applied across an anode and a cathode
which are immersed in an aqueous medium. The current may be a direct current from a battery
or an AC/DC converter from a line. Hydrogen gas is produced at the cathode and oxygen gas is

produced at the anode. The reactions are:

AT THE CATHODE: 4H,0 +4 ¢ ~ 40H + 2H;
AT THE ANODE: 2H,0- O, + 4H" +4¢”
NET REACTION: 6H,0 ~ 40H + 4H" + 2H, + O,

286 kilojoules of energy is required to generate one mole of oxygen.

The gasses form bubbles which rise to the surface of the fluid and may be collected. Either the
oxygen or the hydrogen may be collected for various uses. The “electrolytic water” surrounding
the anode becomes acidic while the electrolytic water surréunding the cathode becomes basic.
Therefore, @hc electrodes tend to foul or pit-and have a limited life in these corrosive

environments.

Many cathodes and anodes are commercially available. United States Patent Number 5,982,609
discloses cathodes comprising a metal or metallic oxide of at least one metal selected from the
group consisting of ruthenium, iridium, nickel, iron, thodium, rhenium, cobalt, tungsten,

manganese, tantalum, molybdenum, lead, titanium, platinum, palladium and osmium. Anodes

are formed from the same metallic oxides or metals as cathodes. Electrodes may also be formed -

from alloys of the above metals or metals and oxides co-deposited on a substrate. The cathode
and anodes may be formed on any convenient support in any desired shape or size. It is possible

to use the same materials or different materials for both electrodes. The choice is determined
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according to the uses. Platinum and iron alloys (“stainless steel”) are often preferred materials
due to their inherent resistance to the corrosive electrolytic water. An especially preferred anode

disclosed in U. S. Patent Number 4,252,856 comprises vacuum deposited iridium oxide.

5 Holding vessels for live animals generally have a high population of animals which use up the
available oxygen rapidly. Pumps to supply oxygen have high power requirements and the noise
and bubbling may further stress the animals. The available electrolytic generators likewise have
high power requirements and additionally run at high voltages and produce acidic and basic
water which are detrimental to live animals. Many of the uses of oxygenators, such as keeping

10 baif or caught fish alive, would benefit from portable devices that did not require a source of high

power. The need remains for quiet, portable, low voltage means to oxygenate water.

RELATED APPLICATIONS

15 This application claims priority of United States Provisional Patent Application Number
60/358,534, filed February 22, 2002.

SUMMARY OF THE INVENTION

20 This invention provides an oxygen emitter which is an electrolytic cell which generates very
small microbubbles and nanobubbles of oxygen in an aqueous medium, which bubbles are too
small to break the surface tension of the medium, resulting in a medium supersaturated with

oxygen.

25 The electrodes may be a metal or oxide of at least one metal selected from the group consisting
‘ of ruthenium, iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and osmium or oxides thereof. The electrodes
may be formed into open grids or may be closed surfaces. The most preferred cathode is a
stainless steel mesh. The most preferred mesh is a 1/16 inch grid. The most preferred anode is

30 platinum and iridium oxide on a support. A preferred support is titanium.
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In order to form microbubbles and nanobubbles, the anode and cathode are separated by a critical
distance. The critical distance ranges from 0.005 inches to 0.140 inches. The preferred critical

distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to various volumes of aqueous medium to
be oxygenated The public is directed to choose the applicable model based on volume and
power requirements of projected use. Those models with low voltage requirements are

especially suited to oxygenating water in which animals are to be held.

» Controls are provided to regulate the current and timing of electrolysis.

DESCRIPTION OF THE DRAWINGS
Figure 1 is the O, emitter of the invention.
Figure 2 is an assembled device.
\
Figure 3 is a diagrarn of the clectronic controls of the O, emitter. _
Figure 4 shows a funnel or pyramid variation of the O, emitter.
Figure 5 shows a multilayer sandwich O, emitter.

DETAILED DESCRIPTION OF THE INVENTION :

Definitions:

For the purpose of describing the present invention, the following terms have these meanings:

“Critical distance” means the distance separating the anode and cathode at which evolved

oxygen forms microbubbles and nanobubbles.

JA276

OWT Ex. 2118

Tennant Company v. OWT

IPR2021-00625



CASE 0:20-cv-00358-ECT-HB Doc. 74 Filed 06/09/21 Page 279 of 1320

“QO; emitter” means a-cell comprised of at least one anode and at least one cathode separated by

the critical distance.
5 “Metal” means a metal or an alloy of one or more metals.
“Microbubble” means a bubble with a diameter less than 50 microns.

“Nanobubble” means a bubble with a diameter Iess than that necessary to break the surface

10 tension of water. Nanobubbles remain suspended in the water, giving the water an opalescent or
milky appearance.
“Supersaturated” meahs oxygen at a higher concentration than normal calculated oxygen
solubility at a particular temperature and pressure.

15 |
“Water” means any aqueous medium with resistance less than one ohm per square centimeter;
that is, a medium that can support the eléctrolysis of water. In general, the lower limit of
resistance for a medium that can support electrolysis is water containing more than 2000 ppm

' total dissolved solids.

20 ‘
The present invention produces microbubbles and nanobubbles of oxygen via the electrolysis of
water. As molecular oxygen radical (atomic weight 8) is produced, it reacts to form molecular
oxygen, O;. In the special dimensions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small to break the surface tension of the

25 fluid. These bubbles remain suspended indefinitely in the fluid and, when allowed to build up,
make the fluid opalescent or milky. Only after several hours do the bubbles begin to coalesce on
the sides of the container and the water clears. During that tin;e, the water is supersaturated with
oxygen. In contrast, the H, formed readily coalesces into larger bubbles which are discharged

into the atmosphere, as can be seen by bubble formation at the cathode.

30
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The first objective of this invention was to make an oxygen emitter With.low power demands,
low voltage and low current for use with live animals. For that reason, a small button emitter
was devised. The anode and cathode were set at varying distances. It was found that electrolysis
took place at very short distances before arcing of the current occurred. Surprisingly, at slightly
5 larger distances, the water became milky and no bubbles formed at the anode, while hydrogen
» continued to be bubbled off the cathode. At distance of 0.140 inches between the anode and

cathode, it was observed that the oxygen formed bubbles at the anode. Therefore, the critical
distance for microbubble and nanobubble formation was determined to be between 0.005 inches
and 0.140 inches. '

10
Example 1. Oxygen emitter:
As shown in Figure 1, the oxygen evolving anode 1 selected as the most efficient is an iridium
oxide coated singlé sided sheet of platinum on a support of titanium (Eltech, Fairport Harbor,i
OH). The catho\de 2 is a 1/16 inch mesh marine stainless steel screen. The anode and cathode

15 are scparated by a non-conducting spacer 3 containing a gap 4 for the passage of gas and mixing
of anodic and cathodic water and connected to a power source through a connection point 5. 7
Figure 2 shows a plan view of.the assembled device. The O, emitter 6 with the anode
connecting wire 7 and the cathode connecting wire 8 is contained in an enclosure 9, connected to
the battery compartment 10. The spacer thickness is critical as it sets the critical distance. It

20 must be of sufficient thickness to prevent arcing of the current, but thin enough to separate the
clectrodes by no more than 0.140 inches. Above that thickness, the power needs are higher and
the oxygen bubbles formed at higher voltage will coalesce and escape the fluid. Preferably, the
spacer is from 0.005 to 0.075 inches thick. At the lower limits, the emitter tends to foul more
quickly. Most preferably, the spacer is about 0.050 inches thick. The spacer may be any

25 nonconductive material such as nylon, fiberglass, Teflon® polymer or other plastic. Because of
the criticality of the space distance, ‘it is preferable to have a non-compressible spacer. It was
found that Bﬁna, with a durometer measure of 60 was not acceptable due to decomposition,
Viton, a common fluoroelastomer, has a durometer measure of 90 and was found to hold its
shape well.

30
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In operation, a small device with an O, emitter 1.485 inches in diameter was driven by 4AA
batteries. The critical distance was held at 0.050 inches with a Viton spacer. Five gallons of
water became saturated in seven minutes. This size is suitable for raising oxygen levels in an

aquarium or bait bucket.

It is convenient to attach a coﬁtrol circuit which comprises a timer that is thermostatically i’
controlled by a temperature sensor which determines the off time for the cathode. When the
temperature of the solution changes, the resistance of the thermistor changes, which causes an off
time of a certain duration. In cool water, the duration is longer so in a given volume, the emitter
10 generates less yoxygen. When the water is warmer and therefore hold less oxygen, the duration
‘ of off time is shorter. Thus the device is self-controlled to use power most economically.
Figure 3 shows a block diagram of a timer control with anode 1, cathode 2, th;:n;listor

temperature sensor 3, timer control circuit 4 and wire from a direct current power source 5.

15 Example 2. Measurement of O, bubbles.

Attempts were made to measure the diameter of the O, bubbles emitted by the device of
Example 1. In thé case of particles other than gasses, measurements can easily be made by
scanning electron microscopy, but gasses do not survive electron microscopy. Large bubble may
be measured by pore exlclusion, for example, which is also not feasible when measuring a gas

20 bubble. A black and white digital, high contrast, backlit photograph of treated water with a
millimeter scale reference was shot of water produced by the emitter of Example 1. About 125
bubbles were seen in the area selected for measuremcont. Seven bubbles ranging fromb the
smallest clearly seen to the largest were measured. The area was enlarged, giving a scale
multiplier of 0.029412.

25 : 7
Recorded bubble diameters at scale were 0.16, 0.22, 0.35, 0.51, 0.76, 0.88 and 1.09 millimeters.
The last three were considered outliers by reverse analysis of variance and were assumed to be
hydrogen bubbles. When muliiplied by the scale multiplier, the assumed O; bubbles were found
to range from 4.7 to 15 microns in diameter. This test was limited by the resolution of the

30 camera and smaller bubbles in the nanometer range could not be resolved. It is known that white
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light cannot resolve features in the nanometer size range, so monochromatic laser light may give
resolution sensitive enough to measure smaller bubbles. Efforts continue to increase the

sensitivity of measurement so that sub-micron diameter bubbles can be measured.

5 Example 3. Other models of oxygen emitter

Depending on the volume of fluid to be oxygenated, the oxygen emitter of this invention may be
shaped as a circle, rectangle, cone or other model. One or more may be set in a substrate that
may be metal, glass, plastic or other material. The substrate is not critical as long as the current
is isolated to the electrodes by the nonconductor spacer material of a'thickness from 0.005 to

10 0.075 inches, preferably 0.050 inches. It has been noticed that the flow of water seems to be at
the periphery of the emitter, while the evolved visible bubbles (H,) arise at the center of the
emitter. Therefore, a funnel or pyramidal shaped emitter was constructed to treat larger volumes
of fluid. Figure 4 is a cross sectional diagram of such an emitter. The anode 1 is formed as an
open grid separated from a marine grade stainless steel screen cathode 2 by the critical distance

15 by spacer 3 around the periphery of the emitter and at the apex. This flow-through embodiment

is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for oxygenating a bait bucket may be about
2 inches in diameter, while a 3-inch diameter emitter is adequate for oxygenating a 10 to 40

20 gallon tank. The live well of a ﬁshing boat will generally hold 40 to 80 gallons of water and
require a 4-inch diameter emitter. It is within the scope of this invention to construct larger
emitters or to Vusc several in a series to oxygenate larger volumes. It is also within the scope of
this invention to vary the model to provide for low voltage and amperage in cases where the need
for oxygen is moderate and long lasting or conversely,'to supersaturate water very quickly at

25 higher voltage and amperage. In the special dimensions of the present invention, it has been
found that a 6 volt battery supplying a current as low as 40 milliamperes is sufficient to generate
oxygen. Such a model is especially useful with live plants or animals, while it is more
convenient for industrial use to use a higher voltage and current. Table I shows a number of
models suitable to various uses.

30
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TABLE 1

Emitter Model Gallons Volts Amps Max. Ave Watts
Bait keeper 5 6 0.090 0.060 0.36
Livewell 32 12 0.180 0.120 1.44
OEM 2 inch 10 12 0.210 0.120 1.44
Bait store 70 12 0.180 0.180 2.16
Double cycle 2 12 0.180 0.180 2.16
OEM 3 inch 50 12 0.500 0.265 3.48
OEM 4 inch 80 12 0.980 0.410 4.92
Water pail 2 24 1.‘200 1.200 28.80
Plate 250 12 5.000 2.500 30.00

Example 4. Multilayer sandwich O, emitter

An O, emitter was made in a multilayer sandwich embodiment. (Figure 5) An iridium oxide
coated platinum anode 1 was formed into a grid to allow good water flow and sandwiched
between two stainless steel screen cathodes 2. Spacing was held at the critical distance by nylon

spacers 3. The embodiment illustrated is held in a cassette 4 which is secured by nylon bolt 5

10 with a nylon washer 6. The dimensions selected were:
0.045 inches thick
0.053 inches thick
0.035 inches thick
0.053 inches thick
0.045 inches thick,

for an overall emitter thickness of 0.231 inches.

. cathode screen
. nylon spacer

. anode grid

. nylon spacer

15 . cathode screen

If a more powerful emitter is desired, it is within the scope of this invention to repeat the sequence

Page 283
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of stacking. For example, an embodiment may easily be constructed with this sequence: cathode,
spacer, anode, spacer, cathode, spacer, anode, spacer, cathode, spacer, anode, spacer, cathode.
The number of layers in the sandwich is limited only by the power requirements acceptable for an

application.

Those skilled in the art will readily comprehend that variations, modifications and additions may
in the embodiments described herein may be made. Therefore, such variations, modifications and

additions are within the scope of the appended claims.

10
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I claim:

Claim 1. An emitter for electrolytic generation of microbubbles of oxygen comprising
an anode scparated at a critical distance from a cathode and a power source all in electrical
communication with each other.

Claim 2. The emitter of claim 1 wherein the anode is a metal or a metallic oxide or a
combination of a metal and a metallic oxide. :

Claim 3. The emitter of claim 1 wherein the anode is platinum and iridium oxide on a
support.

Claim 4. The emitter of claim 1 wherein the cathode is a metal or metallic oxide or a
combination of a metal and a metallic oxide.

Claim 5. The critical distance of claim 1 which is 0.005 to 0.140 inches.
Claim 6. - The critical distance of claim 1 which is ‘0.045 to 0.060 inches.

Claim 7. An emitter for electrolytic generation of microbubbles of oxygen
comprising a plurality of anodes separated at a critical distance from a plurality of cathodes’ and a
power source all in electrical communication with each other.

Claim 8. A method for keeping aquatic animals emitter alive comprising inserting
the emitter of claim 1 or claim 7 into the aquatic medium of the aquatic animals.

Claim 9. _The method of claim 8 wherein the aquatic animal is a fish.
Claim 10. The method of claim 8 wherein the aquatic animal is a shrimp.
Claim 11. A method for lowering the biologic oxygen demand of polluted water

. comiprising passing the polluted water through a vessel containing the emitter of claim 1.

Claim 12. The product of claim 1 wherein the water is suf)ersaturatcd with oxygen
and of an approximately neutral pH.

Claim 13. 'An emitter for electrolytic generation of microbubbles of oxygen
comprising a platinum-iridium oxide anode on a titanium support separated at a critical distance
of from 0.045 inches to 0.060 inches from a stainless steel screen 1/16 inch thick cathode all in
electrical communication with a battery. :

Claim 14. The emitter of claims 1, 7 or 13 further comprising a timer control.

11
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ABSTRACT

An oxygen emitter which is an electrolytic cell is disclosed. When the anode and cathode
are separated by a critical distance, very small microbubbles and nanobubbles of oxygen
are generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solutidn
supersaturated in oxygen. The electrodes may be a metal or oxide of at least one metal
selected from the group consisting of ruthenium, iridium, nickel, iron, rhodium, rhen’ium,
cobalt, tungsten, manganese, tantalum, molybdenum, lead, titanium, platinum, palladium
and osmium or oxides thereof. The electrodes may be forméd into open grids or may be
closed surfaces. The most preferred cathode is a stainless steel mesh. The most preferred
mesh is a 1/16 inch grid. The most preferred anode is platinum and iridium oxide on a
support. A preferred support is titanium. Models suitable for different uses are

disclosed.

12
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Attomey Docket No.AQT001.US1

United States Patent Application

COMBINED DECLARATION AND POWER OF ATTORNEY

As a below nameid inventor I hereby declare that: my residence, post office address and citizenship are as
stated below next to my name; that

I verily believe I am the original, first and joint inventor of the subject matter which is claimed and for which
a patent is sought on the invention entitled: MICROBUBBLES OF OXYGEN

The specification of which is attached hereto.

I hereby state that [ have reviewed and understand the contents of the above-identified specification, including
the claims, as amended bty any amendment referred to above.

I acknowledge the duty to disclose information which is material to the patentability of this application in
accordance with 37 C.F.R. § 1.56 (attached hereto). I also acknowledge my duty to disclose all information known to
be material to patentability which became available between a filing date of a prior application and the national or
PCT international filing date in the event this is a Continuation-In-Part application in accordance with 37 C.F.R.
§1.63(e).

I 'hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or 365(b) of any foreign application(s) for
patent or inventor's certificate, or 365(a) of any PCT international application which designated at least one country
other than the United States of America, listed below and have also identified below any foreign application for
patent or inventor's certificate having a filing date before that of the application on the basis of which priority is
claimed: -

No such claim for priority is being made at this time,

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed

below:
Application Number Filing Date
60/358,534 22 February 2002

I hereby claim the benefit under 35 U.S.C. § 120 or 365(c) of any United States and PCT international
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C.
§ 112, T acknowledge the duty to disclose material information as defined in 37 C.E.R. § 1.56(a) which became

available between the filing date of the prior application and the national or PCT international filing date of this
application: ' '

No such claim for priority is being made at this time.
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Attorney Docket No.:AQI001.US . ) ) Page 3 of 4
Serial No. not assigned
Filing Date: not assigned

I hereby appoint rhe following attorney(s) and/or patent agent(s) to prosecute this application and to transact
all business in the Patent and Trademark Office connected hcrewith:

‘Temry, Kathleen R. Rep. No. 31,884

T hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/
firm/organization/who/which first sends/sent this case to them and by whom/which I hereby declare that T have consented after full disclosure
to be represented unless/until [ instruct Kathleen R. Terry to the contrary.

Please direct all correspondence in this case to Kathleen R. Terry at the address indicated below:
2417 Como Avenug, St. Paul, Minnesota 55108-1459
. Telephone No. (651) 659-9819

T hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize th:: validity of the application or any patent issued thereon.

Full Name of joint inventor number 1:  James Andrew Senkiw
Citizenship: United States of America Residence: Minneapolis, MN
Post Office Address: 4750 Aldrich Avenue North

Minneapolis, MN 55430-3529

Signature: i i Date:
James Andrew. Senkiw

Full Name of joint inventor number 2 :

Citizenship: Residence:

Post Office Address:

Signature: » : . Date:
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Attorney Docket No.:AQI001.US1 . . Page3of4
Serial No. not assigned
Filing Date: not assigned

§ 1.56 Duty to disclose infor:nation material to patentability.

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective patent
examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all information
material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor and good
faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be material to
patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is canceled
or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim that is canceled
or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim remaining under
consideration in the applicaticn. There is no duty to submit information which is not material to the patentability of any existing claim. The
duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known to be material to
patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and
1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the
duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

(1) . prior art cited in search reports of a foreign patent office in a counterpart application, and

(2) the closest information over which individuals associated with the filing or prosecution of a patent application believe any
pending claim patentably defines, to make sure that any material inft ormnti_on contained therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not cumu lative to 111format10n already of record or being
made of record in the applicaiion, and

(1) It establishes, by itself or in combination with other information, a prima facie case of {xnpatcntability of a claim; or
(2) Itrefutes, or is inconsistent with, a position the applicant takes in:
@) Oppbosinrg an argument of unpatentability relied on by the Office, or
(ii) Asserting an argument of patentability.
A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the
T Yy P P
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of
patentability..
©) Individuals assocsated with the filing or prosecution of a patent application within the meaning of this section are:
(1) Each inventor named in the application:

(2) Each attorney or agent who prepares or prosecutes the application; and

(3)  Every other person who is substantively involved in the preparation or prosecution of the application and who is associated
with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by dlsclosmg information to the attorney,
agent, or inventor.
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= IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of: James Andrew Senkiw
Title: MICROBUBBLES OF OXYGEN

Attorney Docket No.:  AQI001.US1

,,,,,,,

PATENT APPLICATION TRANSMITTAL

BOX PATENT APPLICATION
Commissioner for Patents
Washington, D.C. 20231

We are transmitting herewith the following attached items and information (as indicated with an "X"):

X  Return postcard. ’
X  Utility Patent Application under 37 CFR § 1.53(b) comprising:
X  Specification ( 12 pgs, including claims numbered _1_through 14 and a 1 page Abstract).
X  Informal Drawing(s) ( 5_sheets).
X  Unsigned Combined Declaration and Power of Attorney (3_pgs).
X  Applicant claims small entity status under 37 C.F.R 1.27.
The filing fee (NOT ENCLOSED) will be calculated as follows:
No. Filed No. Extra Rate Fee
TOTAL CLAIMS 14-20= 0 . x9 = $0.00
INDEPENDENT CLAIMS 3-3= 0 x42 = $0.00
[X} MULTIPLE DEPENDENT CLAIMS PRESENTED $140.00
BASIC FEE $375.00
TOTAL $515.00

THE FILING FEE WILL BE PAID UPON RECEIPT OF THE NOTICE TO FILE MISSING PARTS.

N

tty Kathleen R. Terry

Reg. No. 31,884
Customer Number 21 186

"Express Mail" mailing label number: _(E u ?40 7’?1 g 7“7' (/5

Date of Deposit: February 21, 2003

This paper or fee is being deposited on the date indicated above with the United States Postal Service pursuant to 37 CFR 1.10, and is addressed to
The Commissioner for Patents, Box Patent Application, Washington, D.C. 20231.
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UNITED STATES PATENT APPLICATION
MICROBUBBLES OF OXYGEN

Applicant
James A. Senkiw
4750 Aldrich Avenue North
Minneapolis, MN 55430-3529

United States Citizen

Attorney Docket Number AQI001.US1

Kathleen R. Terry, to whom correspondence should be sent
Registration Number 31884

2417 Como-Avenue

Saint Paul, MN 55108-1459

Phone: 651 659 9819
FAX: 651603 1809
Email: krterry@visi.com
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MICROBUBBLES OF OXYGEN

>

, ’ﬂms o [’\ce/e, .. FIELD OF THE INVENTION / | w / %—g _'5‘34
. oty . : ' T Ee Pliggpran b 1
oPp T Clgirs fhe be“"’-F”L g” prevrs 7 frlet 02-22-2(02.

5 This invention relates to the electrolytic generation of microbubbles of oxygen for increasing the

oxygen content of aquéous media.
BACKGilOUND OF THE INVENTION

10 Many benefits may be obtained through raising the oxygen con;tent of aqueous media. Efforts
have been made to achieve higher saturated or supersaturated oxygen levels for applications such
as the improvement of water quality in ponds, lakes, marshes and feservoirs, the detoxification of
contaminated water, culture of fish, shrimp and other aquatic animals, biological culture and
hydroponic culture. For example, fish held in a limited environment such as an aquarium, a bait

15 bucket or a live hold tank may quickly use up the dissolved oxygen in the course of normal
respiration and are then subject to hypoxic stress, which can lead to death. A similar effect is
seen in cell cultures, where the respiring cells would benefit from hi gher oxygen content of the
medium. Organic pollutants from agricultural, municipal and industrial facilities spread through
the ground and surface water and adversely affect life forms. Many pollutants are toxic,

20 carcinogenic or mutagenic. Decomposition of these pollutants is facilitated by oxygen, both by
direct chemical detoxifying reactions or by stimulating the growth of detoxifying microflora.
Contaminated water is described as having an increased biological oxygen demand (BOD) and
water treatment is aimed at decreasing the BOD so as to make more oxygen available for fish
and other life forms. '

25
The most common method of increasing the oxygen céntent of a medium is by sparging with air
or oxygen. While this is a simple method, the resulting large bubbles produced simply break the
surface and are discharged into the atmosphere. Attempts have been made to reduce the size of
the bubbles in order to facilitate oxygen transfer by increasing the total surface area of the

30 oxygen bubbles. United States Patent Number 5,534,143 discloses a microbubble generator that

1
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achieves a bubble size of about 0.10 millimeters to about 3 millimeters in diameter. United
States Patent Number 6,394,429 discloses a device for producing microbubbles, ranging in size
from 0.1 to 100 microns in diameter, by forcing air into the fluid at high pressure through a small

orifice.

When the object of generating bubbles is to oxygenate the water, either air, with an oxygen
content of about 21%, or pure oxygen may be used. The production of oxygen and hydrogen by
the electrolysis of water is well known. A current is applied across an anode and a cathode
which are immersed in an aqueous medium. The current may be a direct current from a battery

10 or an AC/DC converter from a line. Hydrogen gas is produced at the cathode and oxygen gas is
produced at the anode. The reactions are: ‘
AT THE CATHODE: 4H,0 +4 ¢ - 40H + 2H,
AT THE ANODE: 2H,0 - O, + 4H" + 4¢”
NET REACTION: 6H,0 -~ 40H +4H" +2H, + O,

15 286 kilojoules of energy is required to generate one mole of oxygen.

The gasses form bubbles which rise to the surface of the fluid and may be collected. Either the

oxygen or the hydrogen may be collected for various uses. The “electrolytic water” surrounding

the anode becomes acidic while the electrolytic water surrounding the cathode becomes basic.
20 Therefore, the electrodes tend to foul or pit and have a limited life in these corrosive

environments.

Many cathodes and anodes are commercially available. United States Patent Number 5,982,609
discloses cathodes comprising a metal or metallic oxide of at least one metal selected from the
25 group consisting of ruthenium, iridium, nickel, iron, thodium, rhenium, cobalt, tungsten,
manganese, tantalum, molybdenum, lead, titanium, platinum, palladium and osmium. Anodes
are formed from the same metallic oxides or metals as cathodes. Electrodes may also be formed -
from alloys of the above metals or metals and oxides co-deposited on a substrate. The cathode
and anodes may be formed on any convenient support in any desired shape or size. It is possible

30 to use the same materials or different materials for both electrodes. The choice is determined
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according to the uses. Platinum and iron alloys (“stainless steel”) are often preferred materials

due to their inherent resistance to the corrosive electrolytic water. An especially preferred anode

disclosed in U. S. Patent Number 4,252,856 comprises vacuum deposited iridium oxide.

5 Holding vessels for live animals generally have a high population of animals which use up the
available oxygen rapidly. Pumps to supply oxygen have high power requirements and the noise _
‘and bubbling may further stress the animals. The available electrolytic generators likewise have
high power requirements and additionally run at high voltages and produce acidic and basic -
water which are detrimental to live animals. Many of the uses of oxygenators, such as keeping
10 bait or caught fish alive, would benefit from portable devices that did not require a source of high

power. The need remains for quiet, portable, low voltage means to oxygenate water.

.RELATED APPLICATIONS

15 This application claims priority of United States Provisional Patent Application Number
60/358,534, filed February 22, 2002.

SUMMARY OF THE INVENTION

20 This invention provides an oxygen emitter which is an electrolytic cell which generates very
small microbubbles and nanobubbles of oxygen in an aqueous medium, which bubbles are too
small to break the surface tension of the medium, resulting in a medium supersaturated with

oxygen.

25 The electrodes may be a metal or oxide of at least one metal selected from the group consisting
. of ruthenium, iridium, nickel, iron, rhodium, rhenium, cobalt, tungsten, manganese, tantalum,
molybdenum, lead, titanium, platinum, palladium and osmium or oxides thereof. The electrodes
may be formed into open grids or may be closed surfaces. The most preferred cathode is a

stainless steel mesh. The most preferred mesh is a 1/16 inch grid. The most preferred anode is

30 platinum and iridium ‘oxi‘de on a support. A preferred support is titanium.
3
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In order to form microbubbles and nanobubbles, the anode and cathode are separated by a critical
distance. The critical distance ranges from 0.005 inches to 0.140 inches. The preferred critical
distance is from 0.045 to 0.060 inches.

Models of different size are provided to be applicable to various volumes of aqueous medium to
be oxygenated. The public is directed to choose the applicable model based on volume and
power requirements of projected use. Those models with low voltage requirements are

especially suited to oxygenating water in which animals are to be held.

- Controls are provided to regulate the current and timing of electrolysis.

DESCRIPTION OF THE DRAWINGS
Figure 1 is the O, emitter of the invention.
Figure 2 is an assembled device.
\
Figure 3 is a diagram of the electronic controls of the O, emitter.
Figure 4 shows a funnel or pyramid variation of the O, emitter.
Figure 5 shows a multilayer sandwich O, emitter.

DETAILED DESCRIPTION OF THE INVENTION

Definitions:

For the purpose of describing the present invention, the following terms have these meanings:

“Critical distance” means the distance separating the anode and cathode at which evolved

oxygen forms microbubbles and nanobubbles.
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- “0, emitter” means a cell comprised of at least one anode and at least one cathode separated by

the critical distance.
5 “Metal” means a metal or an alloy of one or more metals.
“Microbubble” means a bubble with a diameter less than 50 microns.

“Nanobubble” means a bubble with a diameter less than that necessary to break the surface
10 tension of water. Nanobubbles remain suspended in the water, giving the water an opalescent or

milky appearance.

“Supetsaturated” means oxygen at a higher concentration than normal calculated oxygen

solubility at a particular temperature and pressure.

“Water” means any aqueous medium with resistance less than one ohm per square centimeter;
that is, a medium that can support the electrolysis of water. In general, the lower limit of
resistance for a medium that can support electrolysis is water containing more than 2000 ppm
total dissolved solids.

20
The present invention produces microbubbles and nanobubbles of oxygen via the electrolysis of
water. As molecular oxygen radical (atomic weight 8) is produced, it reacts to form molecular
oxygen, O,. In the special dimensions of the invention, as explained in more detail in the
following examples, O, forms bubbles which are too small to break the surface tension of the

25 fluid. These bubbles remain suspended indefinitely in the fluid and, when allowed to build up,
make the fluid opalescent or milky. Only after several hours do the bubbles begin to coalesce on
the sides of the container and the water clears. During that tirrie, the water is supersaturated with
oxygen. In contrast, the H, formed readily coalesces into larger bubbles which are discharged
into the atmosphere, as can be seen by bubble formation at the cathode.

30
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The first objective of this invention was to make an oxygen emitter with low power demands,
low voltage and low current for use with live animals. For that reason, a small button emitter
was devised. The anode and cathode were set at varying distances. It was found that electrolysis
took place at very short distances before arcing of the current occurred. Surprisingly, at slightly

5 larger distances, the water became milky and no bubbles formed at the anode, while hydrogen

continued to be bubbled off the cathode. At distance of 0.140 inches between the anode and
cathode, it was observed that the oxygen formed bubbles at the anode. Therefore, the critical
distance for microbubble and nanobubble formation was determined to be between 0.005 inches
and 0.140 inches.

10
Example 1. Oxygen emitter: .
As shown in Figure 1, the oxygen evolving anode 1 selected as the most efficient is an iridium
oxide coated single sided sheet of platinum on a support of titanium (Eltech, Fairport Harbor,
OH). The cathode 2 is a 1/16 inch mesh marine stainless steel screen. The anode and cathode

15 are separated by a non-conducting spacer 3 containing a gap 4 for the passage of gas and mixing
of anodic and cathodic water and connected to a power source through a connection point 5.
Figure 2 shows a plan view of the assembled device. The O, emitter 6 with the anode
connecting wire 7 and the cathode connecting wire 8 is contained in an enclosure 9, connected to
the battery compartment 10. The spacer thickness is critical as it sets the critical distance. It

20 must be of sufficient thickness to prevent arcing of the current, but thin enough to separate the
electrodes by no more than 0.140 inches. Above that thickness, the power needs are higher and
the oxygen bubbles formed at higher voltage will coalesce and escape the fluid. Preferably, the
spacer is from 0.005 to 0.075 inches thick. At the lower limits, the emitter tends to foul more

~ quickly. Most preferably, the spacer is about 0.050 inches thick. The spacer may be any

25 nonconductive material such as nylon, fiberglass, Teflon® polymer or other plastic. Because of
the criticality of the space distance, it is preferable to have a non-compressible spacer. It was
found that Buna, with a durometer measure of 60 was not acceptable due to decomposition.
Viton, a common fluoroelastomer, has a durometer measure of 90 and was found to hold its
shape well.

30
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In operation, a small device with an O, emitter 1.485 inches in diameter was driven by 4AA
batteries. The critical distance was held at 0.050 inches with a Viton spacer. Five gallons of
water became saturated in seven minutes. This size is suitable for raising oxygen levels in an

aquarium or bait bucket.

5
It is convenient to attach a control circuit which comprises a timer that is thermostatically
controlled by a temperature sensor which determines the off time for the cathode. When the
temperature of the solution changes, the resistance of the thermistor changes, which causes an off
time of a certain duration. In cool water, the duration is longer so in a given volume, the emitter
10 generates less oxygen. When the water is warmer and therefore hold less oxygen, the duration

of off time is shorter. Thus the device is self-controlled to use power most economically.
Figure 3 shows a block diagram of a timer control with anode 1, cathode 2, thermistor

temperature sensor 3, timer control circuit 4 and wire from a direct current power source 5.

15 Example 2. Measurement of O, bubbles.
Attempts were made to measure the diameter of the O, bubbles emitted by the device of

Example 1. In the case of particles other than gasses, measurements can easily be made by
scanning electron microscopy, but gasses do not survive electron microscopy. Large bubble may
be measured by pore exIclusion, for example, which is also not feasible when measuring a gas

20 bubble. A black and white digital, high contrast, backlit photograph of treated water with a
millimeter scale reference was shot of water produced by the emitter of Example 1. About 125
bubbles were seen in the area selected for measureme;lt. Seven bubbles ranging from the

smallest clearly seen to the largest were measured. The area was enlarged, giving a scale

multiplier of 0.029412.
25
Recorded bubble diameters at scale were 0.16, 0.22, 0.35, 0.51, 0.76, 0.88 and 1.09 millimeters.
The last three were considered outliers by reverse analysis of variance and were assumed to be
hydrogen bubbles. When multiplied by the scale multiplier, the assumed O, bubbles were found
to range from 4.7 to 15 microns in diameter. This test was limited by the resolution of the
30 camera and smaller bubbles in the nanometer range could not be resolved. It is known that white
7
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light cannot resolve features in the nanometer size range, so monochromatic laser light may give
resolution sensitive enough to measure smaller bubbles. Efforts continue to increase the

sensitivity of measurement so that sub-micron diameter bubbles can be measured.

5 Example 3. Other models of oxygen emitter

Depending on the volume of fluid to be oxygenated, the oxygen emitter of this invention may be
shaped as a circle, rectangle, cone or other model. One or more may be set in a substrate that
may be metal, glass, plastic or other material. The substrate is not critical as long as the current
is isolated to the electrodes by the nonconductor spacer material of a thickness from 0.005 to -
10 0.075 inches, preferably 0.050 inches. It has been noticed that the flo.w of water seems to be at
the periphery of the emitter, while the evolved visible bubbles (H;) arise at the center of the
emitter. Therefore, a funnel or pyramidal shaped emitter was constructed to treat larger volumes
of fluid. Figure 4 is a cross sectional diagram of such an emitter. The anode 1 is formed as an
open grid separated from a marine grade stainless steel screen cathode 2 by the critical distance
15 by spacer 3 around the periphery of the emitter and at the apex. This flow-through embodiment

is suitable for treating large volumes of water rapidly.

The size may be varied as required. A round emitter for oxygenating a bait bucket may be about
2 inches in diameter, while a 3-inch diameter emitter is adequate for oxygenating a 10 to 40

20 gallon tank. The live well of a ﬁshing boat will generally hold 40 to 80 gallons of water and

&

require a 4-inch diameter emitter. It is within the scope of this invention to construct larger
emitters or to use several in a series to oxygenate larger volumes. It is also within the scope of
this invention to vary the model to provide for low voltage and amperage in cases where the need
for oxygen is moderate and long lasting or conversely, to supersaturate water very quickly at

25 higher voltage and amperage. In the special dimensions of the present invention, it has been
found that a 6 volt battery supplying a current as low as 40 milliamperes is sufficient to generate
oxygen. Such a model is especially useful with live plants or animals, while it is more
convenient for industrial use to use a higher voltage and current. Table I shows a number of
models suitable to various uses.

30
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TABLE I

Emitter Model Gallons  Volts Amps Max.  Ave Watts
Bait keeper 5 6 0.090 0.060 0.36
Livewell 32 12 0.180 0.120 1.44
OEM 2 inch 10 12 0.210 0.120 1.44
Bait store 70 12 0.180 0.180 2.16
Double cycle 2 12 0.180 0.180 2.16
OEM 3 inch 50 12 0.500 0.265 3.48
OEM 4 inch 80 12 0.980 0.410 4.92
Water pail 2 24 1.200 1.200 28.80
Plate 250 12 5.000 2.500 30.00

Example 4. Multilayver sandwich 0O, emitter

An O, emitter was made in a multilayer sandwich embodiment. (Figure 5) An iridium oxide
coated platinum anode 1 was formed into a grid to allow good water flow and sandwiched
between two stainless steel screen cathodes 2. Spacing was held at the critical distance by nylon
spacers 3. The embodiment illustrated is held in a cassette 4 which is secured by nylon bolt 5

10 with a nylon washer 6. The dimensions selected were:

. cathode screen 0.045 inches thick
. nylon spacer 0.053 inches thick
. anode grid 0.035 inches thick
. nylon spacer 0.053 inches thick
15 . cathode screen 0.045 inches thick,

for an overall emitter thickness of 0.231 inches.

If a more powerful emitter is desired, it is within the scope of this invention to repeat the sequence

9
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of stacking. For example, an embodiment may easily be constructed with this sequence: cathode,
spacer, anode, spacer, cathode, spacer, anode, spacer, cathode, spacer, anode, spacer, cathode.

The number of layers in the sandwich is limited only by the power requirements acceptable for an

application.
3
Those skilled in the art will readily comprehend that variations, modifications and additions may
in the embodiments described herein may be made. Therefore, such variations, modifications and
additions are within the scope of the appended claims.
10
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I claim:

Claim 1. An emitter for electrolytic generation of microbubbles of oxygen comprising
an anode separated at a critical distance from a cathode and a power source all in electrical
communication with each other.

Claim 2. The emitter of claim 1 wherein the anode is a metal or a metallic oxide or a
combination of a metal and a metallic oxide.

Claim 3. The emitter of claim 1 wherein the anode is platinum and iridium oxide on a
support.

Claim 4. The emitter of claim 1 wherein the cathode is a metal or metallic oxide or a
combination of a metal and a metallic oxide. '

~ Claim 5. The critical distance of claim 1 which is 0.005 to 0.140 inches.
Claim 6. The critical distance of claim 1 which is 0.045 to 0.060 inches.

Claim?.[ An emitter for electrolytic generation of microbubbles of oxygen
comprising a plurality of anodes separated at a critical distance from a plurality of cathodes and a
power source all in electrical communication with each other.

Claim @ A method for keeping aquatic animals emitter alive comprising inserting
the emitter of claim 1 or claimqf into the aquatic medium of the aquatic animals.
)

Claim 97 The method of claim 8 wherein the aquatic animal is a fish.
v
Claim L@ The method of claim 8 wherein the aquatic animal is a shrimp.
/’

Claim ,lfl'j A method for lowering the biologic oxygen demand of polluted water
comprising passing the polluted water through a vessel containing the emitter of claim 1.

Claim J7Z. The product of claim 1 wherein the water is supersaturated with oxygen
and of an approximately neutral pH.

Claim 13.  An emitter for electrolytic generation of microbubbles of oxygen
comprising a platinum-iridium oxide anode on a titanium support separated at a critical distance
of from 0.045 inches to 0.060 inches from a stainless steel screen 1/16 inch thick cathode all in
electrical communication with a battery.

1

Claim 14. The emitter of claims 1, 17'ror 13 further comprising a timer control. :

11
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ABSTRACT

An oxygen emitter which is an electrolytic cell is disclosed. When the anode and cathode
are separated by a critical distance, very small microbubbles and nanobubbles of oxygen
are generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersaturated in oxygen. The electrodes may be a metal or oxide of at least one metal
selected from the group consisting of ruthenium, iridium, nickel, iron, rhodium, rhenium,
cobalt, tungsten, manganese, tantalum, molybdenum, lead, titanium, platinum, palladium
and osmium or oxides thereof. The electrodes may be foxméd into open grids or may be
closed surfaces. The most preferred cathode is a stainless steel mesh. The most preferred
meshisa 1/ i6 inch grid. The most preferred anode is platinum and iridium oxide on a
support. A preferred support is titanium. Models suitable for different uses are

disclosed.

12
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United States Patent Application

COMBINED DECLARATION AND POWER OF ATTORNEY

Attomey Docket No.AQI001.US1

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as

stated below next to my name; that o _ .
I verily believe I am the original, first and joint inventor of the subject matter which is claimed and for which

a patent is sought on the invention entitled: MICROBUBBLES OF OXYGEN

The specification of which is attached hereto.

T hereby state that [ have reviewed and understand the contents of the above-identified specification, including
the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the patentability of this application in
accordance with 37 C.F.R. § 1.56 (attached hereto). Ialso acknowledge my duty to disclose all information known to
be material to patentability which became available between a filing date of a prior application and the national or
PCT international filing date in the event this is a Continuation-In-Part application in accordance with 37 C.F.R.
§1.63(e).

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or 365(b) of any foreign application(s) for
patent or inventor's certificate, or 365(a) of any PCT international application which designated at least one country
other than the United States of America, listed below and have also identified below any foreign application for
patent or inventor's certificate having a filing date before that of the application on the basis of which priority is
claimed:

No such claim for priority is being made at this time.

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed

below:
Application Number Filing Date
60/358,534 22 February 2002

I hereby claim the benefit under 35 U.S.C. § 120 or 365(c) of any United States and PCT international
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C.
§ 112, I acknowledge the duty to disclose material information as defined in 37 C.F.R. § 1.56(a) which became
available between the filing date of the prior application and the national or PCT international filing date of this
application: '

No such claim for priovity is being made at this time.
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Attorney Docket No.:AQI001.US1 : Pagc 3 of 4
Serial No. not assigned '
Filing Date: not assigned

I hereby appoint the following attorney(s) and/or patent agent(s) to prosecute this application and to transact
all business in the Patent and Trademark Office connected herewith:

‘Terry, Kathleen R. Rep. No. 31,884 .

1 hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/
firm/organization/who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure
to be represented unless/until I instruct Kathleen R. Terry to the contrary.

Please direct all correspondence in this case to Kathleen R. Terry at the address indicated below:
2417 Como Avenue, St. Paul, Minnesota 55108-1459
Telephone No. (651) 659-9819

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon. :

Full Name of joint inventor number 1:  James Andrew Senkiw
Citizenship: United States of America : Residence: Minneapolis, MN
Post Office Address: 4750 Aldrich Avenue North

Minneapolis, MN 55430-3529

Signature: Date:
James Andrew Senkiw

Full Name of joint inventor number 2 :

Citizenship: Residence: .
Post Office Address:
Signature: _ Date:
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Attomey Docket No.:AQIC01.US1 I ! | Page 3 of 4

Serial No. not assigned
Filing Date: not assigned

§ 1.56 Duty to disclose infor:nation material to patentability.

(a) A patent by its very nature is affected with & public interest. The public interest is best served, and the most effective patent
examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all information
material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor and good
faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be material to
patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is canceled
or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim that is canceled
or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim remaining under
consideration in the applicaticn.. There is no duty to submit information which is not material to the patentability of any existing claim. The
duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known to be material to
patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and
1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the
duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and

(2) the closest information over which individuals associated with the filing or prosecution of a patent application believe any
pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or being
made of record in the applicaiion, and

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or
(2) Itrefutes, or is inconsistent with, a position the applicant takes in:
(i) Opposing an argument of unpatentability relied on by the Office, or
(ii) Asserting an argument of patentability.
A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of
patentability.
(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are:
(1) Each inventor named in the application:

(2) Each attorney or agent who prepares or prosecutes the application; and

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is associated
with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the attorney,
agent, or inventor.
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License Agreement

THIS AGREEMENT ("Agreement") is entered into this 30th day of July, 2008 (the
"Effective Date"), by and between Oxygenator Water Technologies, Inc., a Minnesota
corporation with offices at 6101 Baker Rd., #2086, Minnetonka, Minnesota, 55435
("Licenser") and Agua Innovations, Inc. a Minnesota corporation with offices at 6101 Baker
Rd., #2086, Minnetonka, Minnesota, 55435 ("Licensee”, and Licensor and Licensee each a
"Party" and together the "Parties"). Initially capitalized terms defined in this Agreement
shall have the meaning ascribed fo them respectively herein.

WITNESSETH:

LICENSOR owns the technology for which patents have been issued and are
pending with respect to electrolytic hydrolysis of water to increase its dissolved oxygen
content. A more complete description of said technology, together with a description of the
patents issued and currently pending for said technology, is set forth in Article 1 below and
in Exhibit "A" attached hereto.

LICENSOR anticipates and intends that it will make additional discoveries and
improvements to said technology, some of which may be patentable.

It is further anticipated by the parties that LICENSOR may make improvements to
said technology and additional discoveries concerning other applications for said
technology.

The parties desire that LICENSOR grant a perpetual, exclusive license to
LICENSEE to develop and sell throughout the world certain products utilizing the
technology LICENSOR has developed and may in the future develop, all according to the
terms and conditions set forth in this Agreement.

The parties further desire that LICENSOR will retain the complete and entire right to
develop and sell throughout the world in markets not licensed to LICENSEE hereunder
products utilizing the technology LICENSOR has developed and may in the future develop
or the technology that LICENSEE may develop in the future, also according to the terms
and conditions set forth in this Agreement.

Thus, the parties have agreed to enter into a licensing arrangement by which each
party will be entitled to benefit from the other party’s patents, technology and know-how
concerning electrolytic hydrolysis of water in the sale of products in certain markets.

NOW, THEREFORE, based on the foregoing and the mutual covenants and
agreements herein contained, the parties hereby covenant and agree as follows:
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EXHIBIT B’

LICENSEE Marketls

Al worldwide markets for:

Waste Water Treatment

Medical Applications

Spoit Fishing

Aqua Culitere

Horticullurs {consumer and commercial)
Hydraponics

e % & B % 2

Markets excluded from ficense agreement (including but not limited to):

« Water Traatment (all applications except waste water)

»  Ferfmentation

¢ Dasalination

« Human Nutrition

«  Animal Nutition
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ARTICLE 1
DEFINITIONS

When used in this Agreement, the following terms have the meanings set forth
below unless a different and common meaning of the term is clearly indicated by the
context, and variants and derivatives of the following terms shall have correlative
meanings:

"Agreement” has the meaning set forth in the preamble.
"LICENSOR Documents” has the meaning set forth in Section 2.6.

"LICENSOR Improvements" means all developments LICENSOR may make in the
LICENSOR Technology or the LICENSEE Technology prior fo the termination of
this Agreement, whether or not patentable, and which are invented, developed,
discovered or otherwise acquired by LICENSOR and which LICENSOR may
lawfully communicate to LICENSEE.

"LICENSOR Markets" means all uses for the LICENSOR Technology and the
LICENSEE Technology other than in the LICENSEE Markets.

"LICENSOR Patents” means all of LICENSOR's patents (whether issued to
LICENSOR or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others, and patents pending now, or during the term of this
Agreement, issued to LICENSOR (by any country} relating to the LICENSOR
Technology, inciuding, but not limited fo, those patents and those patents pending
described on Exhibit A and any continuations, continuations-in-part, divisions,
registrations, confirmations, reissues, renewals or extensions of term thereof.

"LICENSOR Products" means any product manufactured and/or sold or distributed
by LICENSOR or a sub licensee of LICENSOR under any claim contained in the
LICENSEE Patents.

"LICENSOR Property" means LICENSOR Patents, LICENSOR Improvements and
LICENSOR Technology.

"LICENSOR Technology’” means LICENSOR's unpatented technology and
information now existing and relating to, and embodying LICENSOR's experience in
electrolytic hydrolysis of water. LICENSOR Technology shall include the technical
information in all current and fuiure manuals, formulae, specifications, test data and
procedures, flow charts, apparatus plans, drawings, designs and other information
actually communicated by LICENSOR to LICENSEE during the term of this
Agreement, whether contained in documentary form, electronic medium or
communicated as a result of LICENSOR imparting the same directly or giving
LICENSEE access fo any of LICENSOR's production facilities.
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“Effective Date” has the meaning set forth in the preamble.
"LICENSEE Documents” has the meaning set forth in Section 2.7.

“LICENSEE Improvements" means all developments LICENSEE may make in the
LICENSOR Technology or the LICENSEE Technology prior to the termination of
this Agreement, whether or not patentable and which are invented, developed,
discovered or otherwise acquired by LICENSEE and which LICENSEE may lawfully
communicate to LICENSOR.

"LICENSEE Markets" means those markets for Licensee Products as are
described in Exhibit B attached hereto.

"LICENSEE Patents" means all of LICENSEE's patents (whether issued to
LICENSEE or controlled by license rights or otherwise and whether such rights are
held alone or jointly with others) which may after the effective date of this
Agreement be issued (by any country) relating to electrolytic hydrolysis of water and
any continuations, continuations-in-part, divisions, registrations, confirmations,
reissues, renewals or extensions of term thereof.

“LICENSEE Products"” means any product manufactured and/or sold or distributed
to any party other than LICENSOR by LICENSEE or a sublicense of LICENSEE in
conformity with the terms of this Agreement, including, but not limited to, any
product which is based on any claim or thing contained in any LICENSOR Property.

"LICENSEE Property’” means LICENSEE Patents, LICENSEE Improvements and
LICENSEE Technology.

"LICENSEE Technology' means LICENSEE's unpatented technology and
information which LICENSEE may develop relating to, and embodying LICENSEE's
experience in, the manufaciuring, the processing, quality control, and sale of the
LICENSEE Products. LICENSEE Technology shall include the technical information
in all manuals, formulae, specifications, test data and procedures, flow charts,
apparatus plans, drawings, designs and other information actually communicated
by LICENSEE to LICENSOR during the term of this Agreament, whether contained
in documentary form, electronic medium or communicated as a result of LICENSEE
imparting the same directly or giving LICENSOR access to any of LICENSEE's
production facilities.

"Territory" means the world.
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ARTICLE 2
MARKETS AND LICENSING

2.1. Exclusive Markets. The parties agree that unless properly terminated by
LICENSOR pursuant to Section 5.1 below, LICENSEE will have the exclusive right to
exploit the LICENSOR Property and the LICENSEE Property in the manufacture, use and
sale or other distribution of LICENSEE Products in the LICENSEE Markets in the Territory.
The parties further agree that LICENSOR will have the exclusive right to exploit the
LICENSOR Property and the LICENSEE Property in the manufacture, use and sale or
other distribution of LICENSOR Products in the LICENSOR Markets in the Territory.
LICENSEE may not, directly or indirectly, distribute in any manner any product which
competes with the LICENSEE Products in any manner nor may LICENSEE assist or have
any interest in any third party distributing any such products through licensing or
assignment of technology to any such third party or by any other means.

2.2. Exclusive License to LICENSEE. Subject to the terms and conditions of this
Agreement, LICENSOR hereby confers upon LICENSEE the sole and exclusive license,
with the right of sublicense, under the LICENSOR Property, to make, have made, use and
sell the LICENSEE Products in the LICENSEE Markets in the Territory and to prevent
infringement of the LICENSOR Patents, and to prevent unauthorized use and disclosure
of the LICENSOR Technology in connection therewith. No license is conferred hereby to
make, have made, use and sell articles which are not LICENSEE Products.

2.3. Exclusive License to LICENSOR. Subject to the terms and conditions of this
Agreement, LICENSEE hereby confers upon LICENSOR the sole and exclusive, royalty-
free license, with the right of sublicense, under the LICENSEE Property, to make, have
made, use and sell the LICENSOR Products in the LICENSOR Markets in the Territory
and to prevent infringement of the LICENSEE Patents, and to prevent unauthorized use
and disclosure of the LICENSEE Technology in connection therewith. No license is
conferred hereby fo make, have made, use and sell articles which are not LICENSOR
Products.

2.4. Product Markings. The Parties shall insure that all LICENSOR Products
and all LICENSEE Products are marked with any applicable patent number and all
labeling and other product information shall be marked in such manner as to conform with
the patent laws and practices of the country of sale.

2.5 Transfer of Technology by LICENSOR. As promptly as practicable after
the execution of this Agreement, LICENSOR shall deliver to LICENSEE all information
concerning the LICENSOR Property. LICENSOR also promptly shall deliver to LICENSEE
all future information it acquires concerning the LICENSOR Property. All documentary
information so delivered or any documentary information following non-documentary
disclosure by LICENSOR, shall be referred to as “LICENSOR Documents™. LICENSEE
shall receive, use, maintain, restrict access to or copying of, and safeguard the
LICENSOR Documents in such manner as to maximize the value of the LICENSOR
Patents, the LICENSOR Technology and the LICENSOR Improvements; without limiting
the generality of the foregoing, LICENSEE shali, and shall cause its employees and
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representatives to, use reasonable care to prevent unauthorized access to, copying, use,
publication, disclosure or other dissemination of the LICENSOR Documents. Upon 10
days advance notice and at reasonable times, LICENSOR shall permit LICENSEE access
to its technical personnel at its offices or at such locations as is mutually agreed upon by
the Parties. During such visits, technically competent personnel will be provided by
LICENSOR to answer fully such questions as LICENSEE may have with a view to
transferring the LICENSOR Property. Nothing in this Section 2.6 shali require LICENSOR
to disclose to LICENSEE any technological information which it does not own or that is
otherwise subject to restrictions on use or disclosure.

2.6. Transfer of Technology by LICENSEE. As promptly as practicable after
LICENSEE develops, discovers or otherwise comes into possession of LICENSEE
Patents, LICENSEE improvements and/or LICENSEE Technology, LICENSEE shall
deliver to LICENSOR all information concerning same. All documentary information so
delivered or any documentary information following non-documentary disclosure by
LICENSEE, shall be referred to as “LICENSEE Documents.” LICENSOR shall receive,
use, maintain, restrict access to or copying of, and safeguard the LICENSEE Documents
in such manner as to maximize the value of the LICENSEE Patents, the LICENSEE
Technology and the LICENSEE Improvements; without fimiting the generality of the
foregoing, LICENSOR shall, and shall cause its employees and representatives to, use
reasonable care to prevent unauthorized access to, copying, use, publication, disclosure
or other dissemination of the LICENSEE Documents. Upon 10 days advance notice and at
reasonable times, LICENSEE shall permit LICENSCR access to its technical personnel at
its offices or at such locations as is mutually agreed upon by the Parties. During such
visits, technically competent personnel will be provided by LICENSEE to answer fully such
questions as LICENSOR may have with a view to transferring to LICENSOR the
LICENSEE Property. Nothing in this Section 2.7 shall require LICENSEE to disclose to
LICENSOR any technological information which it does not own or that is otherwise
subject to restrictions on use or disclosure.

2.7. Further Prosecution of Patents. LICENSOR will continue with the prompt
prosecution of all pending patent applications filed by LICENSOR as detailed on Schedule
‘A’ so long as it is commercially reasonable to do so, and LICENSOR will periodically
advise LICENSEE of the status of such prosecutions. As soon as practical, the Parties will
confer to determine the countries for which the Parties desire protection for the
LICENSOR Patents. In the event that LICENSEE files an application for a patent(s)
covering electrolytic hydrolysis of water, LICENSEE will periodically advise LICENSOR of
the status of the prosecution of any such patent. As soon as practical after any such
application by LICENSEE, the Parties will confer to determine the countries for which the
Parties desire protection for the LICENSEE Patents. From the date of this Agreement, all
expenses incurred in filing for and maintaining protection in those countries mutually
agreed upon (other than expenses of prosecuting the original patent application in the first
jurisdiction, which will be the responsibility of the Party filing the patent application) will be
shared equally by the Parties. Either Parly may seek protection in any country not mutually
agreed upon by paying the full amount of the cost thereof. A party seeking such additional
protection will receive the full cooperation of the other Party (other than in paying the
expenses thereof) in protecting all patents in any such other country.
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2.8. Additional Covenants. Each of LICENSOR and LICENSEE shall faithfully
comply with their respective obligations under this Agreement and shall incorporate all
terms and conditions required by this Agreement in any contracts with third parties fo
whom access to the LICENSOR Property or the LICENSEE Property, as the case may be,
may (but only in accordance with this Agreement) be given. Each of LICENSOR and
LICENSEE shall indemnify and hold harmless the other Party and its successors and
assigns from any injury, loss, or damage of any kind or nature, or any other liability sought
to be imposed on such Party, and arising out of or in connection with or resulting from the
marketing, sale or use of the imdemnifying Party’s product(s), including any advertising or
other promotional activities related thereto.

2.9. Infringement Actions. Neither LICENSOR nor LICENSEE will have any
responsibility to the other Party for any damage or expense incurred by such other Party
which arises from any action, claim or cause of action brought by any person as the result
of any alleged patent infringement or trade secret misappropriation by reason of such
other Party’s manufacture, use or sale of any product under any of the licenses conferred
hereby.

2.10. LICENSEE’s Rights in Event of Third Party Infringement. LICENSEE
shall have the right, in LICENSOR's name (if required by law, otherwise, in LICENSEE's
name) but at LICENSEE's sole expense, to sue third parties in the LICENSEE Markets for
infringements of the LICENSOR Patents and misappropriation of the LICENSOR
Technology and unpatented LICENSOR Improvements, and LICENSOR shall, but at
LICENSEE's expense for LICENSOR's direct associated expenses, fully and promptly
cooperate and assist LICENSEE in connection with any such suil. LICENSEE shall
promptly reimburse LICENSOR for said suit-associated direct expenses upon presentation
of LICENSOR's itemized statement therefor. LICENSOR may, if it so elects, join in any
such suit as a plaintiff. All damages, awards or settlement proceeds in such suit shall be
LICENSEE's. If LICENSEE, after notice from LICENSOR of an alleged infringement or
misappropriation, shall within 90 days fail to institute suif, LICENSOR, in its own name (or,
if required by law, in its and LICENSEE’s name) and at its own expense, may sue
therefore, and LICENSEE shall, but at LICENSOR's expense for LICENSEE's direct
associated expenses, fully and promptly cooperate and assist LICENSOR in connection
with any such suit. LICENSOR shall promptly reimburse LICENSEE for said suit-
associated direct expenses upon presentation of LICENSEE's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSOR’s.

2.11. LICENSOR’s Rights in Event of Third Party Infringement. LICENSOR
shall have the right, in LICENSEE's name (if required by law, otherwise, in LICENSOR’s
name) but at LICENSOR’s sole expense, to sue third parties in the LICENSOR Markets
for infringements of the LICENSEE Patents and misappropriation of the LICENSEE
Technology and unpatented LICENSEE Improvements, and LICENSEE shall, but at
LICENSOR’s expense for LICENSEE's direct associated expenses, fully and promptly
cooperate and assist LICENSOR in connection with any such suit. LICENSEE may, if it so
elects, join in any such suit as a plaintiff. LICENSOR shall promptly reimburse LICENSEE
for said suit-associated direct expenses upon presentation of LICENSEE's itemized
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statement therefor. All damages, awards or seftlement proceeds in such suit shall be
LICENSOR's. If LICENSOR, after notice from LICENSEE of an alleged infringement or
misappropriation, shall within 90 days fail to institute suit, LICENSEE, in its own name (or,
if required by law, in its and LICENSOR’s name) and at its own expense, may sue
therefore, and LICENSOR shall, but at LICENSEE's expense for LICENSOR's direct
associated expenses, fully and promptly cooperate and assist LICENSEE in connection
with any such suit. LICENSEE shall promptly reimburse LICENSOR for said suit-
associated direct expenses upon presentation of LICENSOR's itemized statement
therefor. All damages, awards or settlement proceeds in such suit shall be LICENSEE’s.

2.12. LICENSEE Royalty Payment. None. License is granted without cost to
LICENSEE.

ARTICLE 3
INDEMNIFICATION

3.1. Indemnification by LICENSEE. LICENSEE shall indemnify and hold
LICENSOR and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSOR arising out of
or in connection with or resulting from the marketing, sale or use of the LICENSEE
Products, including any advertising or other promotional activities related thereto.
LICENSOR shall be an added insured party to LICENSEE’s product liability insurance,
which shall have coverage limits of at least two million dollars ($2,000,000) per incident
and which LICENSEE shall procure and have in place no later than the date on which
LICENSEE first makes a delivery of any of the LICENSEE Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSOR is provided at least
thirty (30) days advance written notice.

3.2. Indemnification by LICENSOR. LICENSOR shall indemnify and hold
LICENSEE and its successors and assigns harmless from any injury, loss, or damage of
any kind or nature, or any other liability sought to be imposed on LICENSEE arising out of
or in connection with or resuiting from the marketing, sale or use of the LICENSOR
Products, including any advertising or other promotional activities related thereto. At such
time, if any, as LICENSOR shall sell LICENSOR Products, LICENSOR shall add
LICENSEE as an added insured party to LICENSOR’s product liability insurance, which
shall have coverage limits of at least two million dollars ($2,000,000) per incident and
which LICENSOR shall procure and have in place no later than the date on which
LICENSOR first makes a delivery of any of the LICENSOR Products. Such policy of
insurance shall provide that it may not be cancelled unless LICENSEE is provided at least
thirty (30) days advance written notice.

ARTICLE 4
CONFIDENTIALITY

4.1. Restrictions on Use and Disclosure of LICENSOR Property by
LICENSEE. LICENSEE shall use the LICENSOR Property in confidence and shall not
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disclose same 1o its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not to disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate: (a) if
that portion is, or becomes, generally known within the related trade or industry through no
default of LICENSEE, or (b) upon the expiration of the obligation of LICENSEE under this
Agreement to pay royalties to LICENSOR.

4.2. Restrictions on Use and Disclosure of LICENSEE Property by
LICENSOR. LICENSOR shall use the LICENSEE Property in confidence and shall not
disclose same to its employees to whom access may be given in accordance with this
Agreement until each such employee shall have previously agreed not fo disclose such
information. Restrictions on use and disclosure of any portion thereof shall terminate if that
portion is, or becomes, generally known within the related trade or industry through no
default of LICENSOR.

4.3. Employees; Third Parties Etc. In order to faithfully perform their
respective obligations under sections 4.1 and 4.2, the Parties shall limit access to the
other Party’'s Property to only those of its officers, employees and agents who shall have a
need to receive or have access to that portion, and then only for the purposes of the
practice under the licenses conferred by this Agreement. Each Party will require any third
party, to whom access may be authorized under this Agreement, to execute an
appropriate confidentiality agreement.

4.4. Authorized Required Disclosures. Nothing in this Article 4 shali prevent a
Party. (a) from complying (but only to the narrowest extent required by law and regulation
and with due notice on any submissions to governmental agencies of the confidential or
proprietary status of the information with a view toward restricting access to, and use or
disclosure by, third parties) with reasonable requirements of governmental agencies to
disciose information in order to receive legally required consents or permissions to
manufacture or sell that Party’s Products; or (b) from disclosing information under court
order, but only after having made all reasonable efforis to secure the court's order to (i)
limit production, use and disclosure of said information for the purposes of the case and to
the narrowest class of disclosures practicable under the circumstances and (i) hold ali
proceedings in camera with a sealed record.

ARTICLE &
RESOLUTION OF DISPUTES

All claims, disputes and other matters in question arising out of, or relating to, this
Agreement or the performance thereof shall be submitted to, and determined by,
arbitration if good faith negotiations between the parties do not resolve such claim, dispute
or other matter within 60 days. Such arbitration shall proceed in accordance with the
Commercial Arbitration Rules of the American Arbitration Association then pertaining (the
"Rules"), insofar as such Rules are not inconsistent with the provisions expressly set forth
in this Agreement, unless the parties mutually agree otherwise, and pursuant to the
foliowing procedures:
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(a) Notice of the demand for arbitration shall be filed in writing with the other
Member and with the American Arbitration Association. Each Member shall appoint
an arbitrator, and those party-appointed arbitrators shall appoint a third neutral
arbitrator within 10 days. If the party-appointed arbitrators fail to appoint a third,
neutral arbitrator within 10 days, such third, neutral arbitrator shall be appointed by
the American Arbitration Association in accordance with the Rules. A determination
by a majority of the panel shall be binding.

(b) Reasonable discovery shall be allowed in arbitration.

(c) All proceedings before the arbitrators shall be held in Minneapolis, Minnesota.
The governing law shall be as specified in Section 8.1 below.

{(d) The costs and fees of the arbitration, including attorneys' fees, shall be allocated
by the arbitrators.

(e) The award rendered by the arbitrators shall be final and judgment may be
entered in accordance with applicable law and in any court having jurisdiction
thereof.

ARTICLE 6
NOTICES

6.1. Notices. All communications, demands, notices or objections required or
permitted to be given or served under this Agreement shall be in writing and shall be
deemed to have been duly given or made only if delivered in person, deposited in the
United States mail, postage prepaid, for mailing by certified or registered mail, return
receipt requested, or delivered by prepaid overnight courier service, addressed to the
appropriate party as follows:

{fto LICENSOR: Richard Disrud, COO
Aqua Innovations, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Ifto LICENSEE:  Jeffrey Brink, CEC
Oxygenator Water Technology, Inc.
6101 Baker Rd., #2086
Minnetonka, Minnesota 55435

Either party may change its address by giving notice in writing, stating the new address, to
the other Party as provided in the foregoing manner. Commencing on the tenth (10th) day
after the giving of such notice, such newly designated address shall be such Party's
address for the purpose of all communications, demands, notices or objections required or
permitted to be given or served under this Agreement.
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ARTICLE 7
MISCELLANEQUS

7.1. Governing Law; Court Proceedings. The validity, performance, and all
matters relating to the interpretation and effect of this Agreement shall be governed by the
internal law in effect in the State of Minnesota without regard to principles of law (such as
"conflicts of law") that might make the law of some other jurisdiction applicable. Without
limiting the terms set forth in Article 6 with respect to the resolution of disputes, each Party
agrees to the exclusive and irrevocable jurisdiction of the federal and state courts of
Minnesota for any claim, action or cause of action arising out of or in any way related to
this Agreement which may be brought in a court of law and both parties agree that
personal service from any such court may be effectively served upon a party at the
respective addresses set forth in Section 7.1.

7.2. Exhibits. Exhibits, schedules and annexes referred to in this Agreement and
attached hereto are incorporated herein in full by this reference as if each of such exhibits,
schedules or annexes were set forth in the body of this Agreement and duly executed by
the parties hereto.

7.3. Additional Documents and Acts. Each party agrees that it will use all
reasonable efforts to take, or cause to be taken, all actions and to do, or cause to be
done, all things necessary, proper or advisable, including, but not limited to, the execution
of additional documents and instruments, to consummate, make effective and carry out
the transactions contemplated by this Agreement.

74. Amendment, Modification or Waiver. No amendment, modification or
waiver of any condition, provision or term of this Agreement shall be valid or of any effect
unless made in writing, signed by the party or parties to be bound or its duly authorized
representative and specifying with particularity the nature and extent of such amendment,
modification or waiver. Any waiver by any party of a default of ancther party shall not
affect or impair any right arising from any subsequent default.

7.5. Severable Provisions. Whenever possible, each provision of this Agreement
will be interpreted in such manner as to be effective and valid under applicable law, but if
any provision of this Agreement is held to be invalid, illegal or unenforceable under any
applicable law or rule in any jurisdiction, such provision will be ineffective only to the extent
of such invalidity, illegality, or unenforceability in such jurisdiction, without invalidating the
remainder of this Agreement in such jurisdiction or any provision hereof in any other
jurisdiction.

7.8. Entire Agreement. This Agreement contains the entire understanding of
the parties hereto in respect of the transactions contemplated hereby and supersedes all
prior agreements and understandings between the parties with respect to such subject
matter.

7.7. Captions, Headings, Titles or References to Gender. All captions, headings
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or tittes in the paragraphs or sections of this Agreement are inserted for convenience of
reference only and shall not constitute a part of this Agreement or as a limitation of the
scope of the particular paragraphs or sections to which they apply. Where appropriate,
the masculine gender may be read as the feminine gender or the neuter gender, the
feminine gender may be read as the masculine gender or the neuter gender and the
neuter gender may be read as the masculine gender or the feminine gender.

7.8. Counterparts. This Agreement may be executed in two (2) or more
counterparts, each of which shall be considered one and the same Agreement and shall

become effective when one or more counterparts have been signed by each of the parties
and deliverad to the other parties.

IN WITNESS WHEREOF, the parties have executed this Agreement on the date
first written above.

AQUA INNOVATIONS, INC.

Dick Disrud its COO

GXYGENATOR WATER TECHNOLOGIES, INC.

E‘f ‘ T ow %
S x%kvi%ﬁ\*m
b

Jeff Brink its CEO
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EXHIBIT "A"

DESCRIPTION OF LICENSOR PATENTS AND PATENTS PENDING

United States Patent Number: US 6,689,262 B2
Date of Patent: February 10, 2004
Name: Microbubbles of Oxygen
Application Number: 10/372,017

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen.

United States Patent Number: US 7,396,441 B2
Publication Date: July 8, 2008
Name: Flow-Thru Oxygenator
Application Number: 10/732,326

An oxygen emitter which is an electrolytic cell. When the anode and cathode are
separated by a critical distance, very small microbubbles and nanobubbles of oxygen are
generated. The hydrogen forms bubbles at the cathode, which bubbles rise to the
surface. The very small oxygen bubbles remain in suspension, forming a solution
supersatured in oxygen. A flow-through model for oxygenating flowing water. The use of
supersaturated water for enhancing the growth of plants. Method of applying
supersaturated water to plants manually, by drip irrigation or in hydroponic culture. The
treatment of waste water by raising the dissolved oxygen with the use of oxygen emitter.
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Senkiw March 2, 2018

Flow-through oxygenator
Abstract

An oxygen emitter which is an electrolyiic cell is disclosed. When the anode and cathode are separated
by a critical distance, very small microbubbles and nanobubbles of oxygen are generated. The very
small oxygen bubbles remain in suspension, forming a solution supersaturated in oxygen. A tlow-
throngh model for oxygenating flowing water is disclosed. The use of supersaturated water for
enhancing the growth of plants is disclosed. Methods for applying supersaturated water to plants
manually, by drip irrigation or in hydroponic culture are described. The treatment of waste water by
raising the dissolved oxygen with the use of an oxygen emiiter is disclosed.

Inventors: Semkiw; James Andrew (Minneapolis, MN)
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