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Attorney Docket No. CCLL-11-002.0

METHODS AND SYSTEMS FOR PRODUCTION OF AN AQUEOUS
HYPOCHLOROUS ACID SOLUTION

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority to U.S. Patent Application Serial No.
17/089,537, filed November 4, 2020, which is incorporated herein by reference.

FIELD
The present invention is directed to the area of methods and systems for the
production of an aqueous hypochlorous acid (HCIO) solution. The present invention is
also directed to methods and systems for the production of hypochlorous acid by

consumers.

BACKGROUND

Hypochlorous acid has been found to have bactericidal and virucidal properties.
Compared to sodium hypochlorite, which is often used as sterilizing agent, hypochlorous
acid is said to be over 80 times more effective. Hypochlorous acid can keep hands
smooth, is eco-friendly, and can be used directly to wash vegetables, fruits, and
tableware. It can also effectively eliminate many pesticide residues on the surface of
vegetables. Hypochlorous acid is approved by the US Food and Drug Administration
(FDA) and recommended by Japan's Ministry of Health, Labour and Welfare as a food-

grade germicidal solution.

BRIEF SUMMARY

One embodiment is a method for making an aqueous hypochlorous acid (HC10)
solution that includes electrolyzing a solution of sodium chloride to produce a solution of
sodium hypochlorite; and producing the aqueous hypochlorous acid solution by adjusting
a pH of the solution of sodium hypochlorite to a value within a range of 3 to 8 by adding
a selected weak acid to the solution of sodium hypochlorite to produce a buffer including

the selected weak acid and a salt of the selected weak acid.
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In at least some embodiments, the aqueous hypochlorous acid solution has no
more than 500 ppm hypochlorous acid. In at least some embodiments, the method further
includes adding a basic salt or a base to the solution of sodium chloride. In at least some
embodiments, the basic salt or base reduces or absorbs chlorine gas generated during the
electrolysis. In at least some embodiments, the basic salt or base is selected from sodium

bicarbonate, sodium carbonate, or sodium hydroxide.

In at least some embodiments, the selected weak acid is acetic acid and the buffer
1s a combination of acetic acid and sodium acetate. In at least some embodiments, the
buffer in the aqueous hypochlorous acid solution as a molar ratio of acetic acid to sodium

acetate in a range from 1:100 to 100:1.

In at least some embodiments, the method further includes diluting the solution of
sodium hypochlorite. In at least some embodiments, the solution of sodium hypochlorite
after the electrolyzing has at least 500 ppm sodium hypochlorite. In at least some
embodiments, the solution of sodium hypochlorite after the electrolyzing has at least 1000

ppm sodium hypochlorite.

In at least some embodiments, producing the aqueous hypochlorous acid solution
includes producing the aqueous hypochlorous acid solution by adjusting a pH of the
solution of sodium hypochlorite to a value within a range of 4 to 6. In at least some
embodiments, electrolyzing the solution of sodium chloride includes electrolyzing the
solution of sodium chloride in an electrolysis cell including at least one positive electrode
and at least one negative electrode without a membrane or separator between the at least
one positive electrode and the at least one negative electrode. In at least some
embodiments, the method further includes transferring the solution of sodium
hypochlorite from the electrolysis cell after the electrolyzing and, after the transferring,
receiving the selected weak acid in the electrolysis cell. In at least some embodiments,
the selected weak acid removes calcium or magnesium deposits one the electrode surface.
In at least some embodiments, un-softened water is used in the system for solution

preparation and for dilution.

In at least some embodiments, the method further includes generating, storing or

re-generating a solution of sodium hypochlorite in the electrolysis cell while the
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hypochlorous acid product in the product tank is being consumed. In at least some
embodiments, the method further includes regenerating the sodium hypochlorite solution
by re-electrolyzing the sodium hypochlorite solution after storing for a predetermined

time period, wherein the predetermined time period is at least twelve hours.

Another embodiment is a system for making an aqueous hypochlorous acid
(HCIO) solution. The system includes an electrolysis cell; a water tank or a coupling
arrangement configured for coupling to an external water source; an acid tank configured
for receiving a selected weak acid; a NaCl tank configured for receiving an aqueous
sodium chloride solution; a product tank; conduits individually coupling the water tank,
acid tank, NaCl tank, and product tank to the electrolysis cell; and a controller configured
and arranged to perform actions when the NaCl tank contains the sodium chloride
solution, the acid tank contains the selected weak acid, water is in the water tank or the
system is coupled to a water source using the coupling arrangement, the actions
including: directing a portion of the aqueous sodium chloride solution from the NaCl tank
to the electrolysis cell; electrolyzing the portion of the solution of sodium chloride to
produce a solution of sodium hypochlorite in the electrolysis cell; directing the solution of
sodium hypochlorite into the product tank; and directing a portion of the selected weak
acid in the acid tank into the solution of sodium hypochlorite to produce the aqueous
hypochlorous acid solution by adjusting a pH to a value within a range of 3 to 8 by adding
the selected weak acid to the solution of sodium hypochlorite to form a buffer using the

selected weak acid and a salt of the selected weak acid.

In at least some embodiments, the system is configured to produce the aqueous
hypochlorous acid solution by providing acetic acid in the acid tank and a NaCl solution
in the NaCl tank. In at least some embodiments, the system is further configured to
produce the aqueous hypochlorous acid when a base or a basic salt is provided in the
sodium chloride solution to reduce production of chlorine gas, wherein the base or basic

salt is selected from sodium hydroxide, sodium carbonate, or sodium bicarbonate.

In at least some embodiments, the electrolysis cell includes at least one positive
electrode and at least one negative electrode without a membrane or separator between
the at least one positive electrode and the at least one negative electrode. In at least some

embodiments, at least one of the at least one positive electrode or the at least one negative
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electrode includes ruthenium and iridium. In at least some embodiments, at least one of

the at least one positive electrode or the at least one negative electrode includes titanium.

In at least some embodiments, the system further includes a housing, wherein the
electrolysis cell, water tank or coupling arrangement, acid tank, NaCl tank, product tank,
and controller are disposed in the housing. In at least some embodiments, the system
further includes at least one level indicator in at least one of the acid tank, NaCl tank, or

product tank and coupled to the controller.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the present invention are
described with reference to the following drawings. In the drawings, like reference

numerals refer to like parts throughout the various figures unless otherwise specified.

For a better understanding of the present invention, reference will be made to the
following Detailed Description, which is to be read in association with the accompanying

drawings, wherein:

FIG. 1 is a schematic diagram of one embodiment of system for making an

aqueous HCIO solution, according to the invention; and

FIG. 2 is a flowchart of a one embodiment of method for making an aqueous

HCIO solution, according to the invention.

DETAILED DESCRIPTION

The present invention is directed to the area of methods and systems for the
production of hypochlorous acid (HCIO). The present invention is also directed to

methods and systems for the production of hypochlorous acid by consumers.

Many commercial methods of HCIO production involve brine electrolysis using a
cell with a membrane. These commercial methods may be relatively complicated and
only practical for commercial-scale applications. Production of hypochlorous acid has
also been achieved on a commercial scale by adding an acid, such as hydrochloric acid, to
sodium hypochlorite (NaClO) via a precious pH control process. For small-scale, on-site,
and on-demand applications, NaClO and HCI are not always available. In addition, the

precious pH control during the mixing process is required to prevent or reduce the
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generation of toxic chlorine gas and may be difficult in non-industrial arrangements. A
solution of sodium hypochlorite (NaClO) has been produced using a small, low cost
electrochemical cell and a brine solution. However, sodium hypochlorite is more toxic to

the human body.

Methods and systems for generating an aqueous hypochlorous acid solution are
described herein. In at least some embodiments, the methods and systems can be used by
consumers to produce the hypochlorous acid solution on a small-scale, on-site, or on-
demand basis. In at least some embodiments, these methods and systems utilize readily
available components, such as water, sodium chloride (NaCl), acetic acid (e.g., vinegar),
and either sodium bicarbonate (e.g., baking soda), sodium carbonate (e.g., soda ash or
washing soda), or sodium hydroxide (e.g., caustic soda or lye) to generate the

hypochlorous acid. In at least some embodiments, the water is unsoftened.

The methods and systems described herein utilize the equilibrium of HCIO and
NaClO in aqueous solution where HCIO is the dominate species in solutions with a pH
between approximately 3 and approximately 7. In at least some embodiments, the
methods and systems are configured to produce an aqueous hypochlorous acid solution
with a pH in a range from 3 to 8, a range from 3.5 to 7, a range from 4 to 6.5, or a range
from 4 to 6. HCIO and NaClO typically reach equilibrium very quickly in solution.
HCIO exists stably at a pH range of at least 4 t0 6.5.

To maintain the pH in the desired range, the aqueous hypochlorous acid solution
has a buffer that includes a weak acid and a salt of the weak acid and which maintains the
pH in the desired range. In at least some embodiments, the buffer includes acetic acid
and a salt of acetic acid such as sodium acetate, aluminum acetate, ammonium acetate, or

potassium acetate.

In at least some embodiments, the buffer can be formed by addition of a weak
acid, such as acetic acid or the like, to the NaClO solution. The addition of acetic acid to
the NaClO solution results in the formation of sodium acetate (which, in water, exists
primarily in the form of sodium and acetate ions). Thus, in at least some embodiments,

the buffer can be prepared using household chemicals, such as acetic acid (e.g., vinegar).

CH:COOH — CH;COO™ +H"' pKa=4.76.
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In water, CH;COONa : CH;COOH in a 1:1 molar ratio gives a solution with pH of
approximately 4.76. CH3COONa : CH3COOH in a 10:1 molar ratio gives a solution with
pH of approximately 5.76.

In at least some embodiments, the resulting aqueous hypochlorous acid solution is

stable for at least 5, 10, 15, 30, 60, or more days.

In at least some embodiments, a buffer of acetic acid and an acetate salt, such as
sodium acetate, can reliably keep the pH within a range of 4 to 6.5 with a molar ratio of
acetic acid to acetate salt in a range from 1:100 to 100:1. In at least some embodiments,

no accurate volumetric control is needed for pH control due to the buffer.

In at least some embodiments, the addition of a soluble basic salt or base may
further facilitate formation of the buffer. For example, the addition of soluble sodium
bicarbonate, sodium carbonate, or sodium hydroxide to the acetic acid may further the
formation of sodium acetate (which, in water, exists primarily in the form of sodium and
acetate ions). In at least some embodiments, the soluble basic salt or base can be
household chemicals, such as sodium bicarbonate (NaHCO53), commonly known as
baking soda, sodium carbonate (Na2COs), commonly known as soda ash or washing soda,

or sodium hydroxide (NaOH), commonly known as caustic soda or lye. For example,
CH3;COOH + NaHCO3; — CH3COONa + H20+ CO2

In at least some embodiments, adding the basic salt or base, such as, for example,
NaHCOs3, Na2COs, or NaOH, for the buffer into the NaCl solution can reduce Cl2

generation during the electrolysis of NaCl.

In at least some embodiments, the components of the buffer are introduced

separately during the production of the HCIO solution.

Methods and systems for preparing an aqueous HCIO solution include generating
a concentrated NaClO solution in an electrochemical device from a solution containing
NaCl, adjusting the pH of the NaClO solution using a buffer to produce the HC1O
solution, and diluting the as-produced NaClO or HCIO to a desired concentration using

water (preferably, unsoftened water).



10

15

20

25

Attorney Docket No. CCLL-11-002.0

The methods and systems include the electrochemical production of an aqueous

NaClO solution from an aqueous NaCl solution according to the following equation:
NaCl + H20 — NaClO + Hz

In at least some embodiments, the electrochemical production of aqueous NaClO is
thought to proceed according to the following equations (although the invention does not

rely on any particular mechanism or sequence of reactions):
2NaCl + 2H20 — Cl2 + 2NaOH + Haz (electrolysis)
Clz + H20 — HCIO + HCI (disproportionation)
HCIO + HCl + 2NaOH — NaClO + NaCl + 2H:20 (neutralization).

Figure 1 illustrates one embodiment of a system 100 for production of an aqueous
HCIO (hypochlorous acid) solution. The system 100 includes a water source, such as
water tank 102 or a coupling arrangement that can be coupled to a stream of water from
an external source; a sodium chloride source, such as NaCl tank 104 containing an
aqueous solution of sodium chloride and, optionally, the basic salt or base for reducing
the generation of Clz gas; a weak acid source, such as acid tank 106 containing the weak
acid that forms the buffer; an electrolysis cell 108; and a product tank 110. Any of the
tanks can be replaced by any other suitable reservoir or a coupling arrangement that can

be coupled to a continuous or intermittent stream source.

The system 100 also includes a number of pumps 112 and various conduits 116,
such as tubing or the like to carry the reactants and other components of the HC1O
solution, as well as the solution itself. Any other suitable mechanisms, methods, or
techniques for flowing the components from the various sources to the electrolysis cell
108 and the product tank 110 can be used. For example, optional check valves may be
used to prevent flow in the wrong directions. The HCIO solution can be obtained at an

outlet 118.

The system 100 also includes a control unit 122 that operates the system in

general including the pumps 112, as needed. In at least some embodiments, the control
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unit 122 can include one or more user operable components, such as switches, buttons, a

touchscreen, or the like to permit user control of the system 100.

The system 100 may include an optional filter 120 to filter the water from the
water tank 102. In at least some embodiments with a filter 120, there may also be a
conduit from the water tank 102 to the valve 114 that bypasses the filter 120. The pumps
112 can be individually any suitable type of pump including, but not limited to, peristaltic
pumps, diaphragm pumps, centrifugal pumps, or the like. The pumps 112 can be all the
same type of pump or different types of pumps.

In at least some embodiments, one or more of the water tank 102, NaCl tank 104,
acid tank 106, or product tank 110 can include a level gauge 124 to monitor the level of
the respective solution or component in that tank. In at least some embodiments, the
control unit 122 monitors the level gauge(s) 124 and, preferably, alerts a user if any level
gauge drops below a predetermined level or rises above a predetermined level. Level
gauges 124 in the water tank 102, NaCl tank 104, or acid tank 106 may indicate when
additional source materials (e.g., water, NaCl, or weak acid) are needed. A level gauge
124 in the product tank 110 can indicate how much hypochlorous acid solution is
presently available. In at least some embodiments, the product tank 110 may include one
level gauge to monitor or warn for low fluid level and another level gauge to monitor or

warn for high fluid level.

In at least some embodiments, the product tank 110 (or any other tank) may
include a pH gauge 126. In at least some embodiments, the control unit 122 monitors the
pH gauge 126. In at least some embodiments, the control unit 122 may alert a user if any
pH gauge is outside a desired pH range and the control unit 122 may direct the user to
dispose of the contents of the product tank 110. In at least some embodiments, the
control unit 122 may automatically (or under user direction) pump the weak acid from the
acid tank 106 or the solution containing the basic salt from the NaCl tank 104 to adjust
the pH.

Any suitable electrolysis cell 108 with two or more electrodes 109a, 109b can be
used. In at least some embodiments, the electrolysis cell 108 does not include a

membrane or separator between the electrodes 109a, 109b. In at least some
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embodiments, the surface of the positive electrode(s) 109a or negative electrode(s) 109b
contains ruthenium, iridium, or any combination thereof. In at least some embodiments,
the surface of the negative electrode(s) 109b contains platinum. In at least some
embodiments, a bulk material of the positive and negative electrode(s) 109a, 109b is

titanium, although any other suitable metal, alloy, or combination thereof can be used.

In at least some embodiments, the system 100 can be disposed in a single housing
130. In at least some embodiments, the system 100 and housing 130 can be portable. In
at least some embodiments, as indicated above, instead of a water tank 102 (or other
tank), the system 100 may include a coupling arrangement to couple to a streaming
source of water (or other component). In at least some embodiments, one or more of the
water tank 102, acid tank 106, NaCl tank 104, or product tank 110 can be disposed
outside the housing 130.

Figure 2 is a flowchart of operation of the system to produce an aqueous solution
of HCIO. In step 202, a portion of the NaCl solution from the NaCl tank 104 is pumped
into the electrolysis cell 108. In at least some embodiments, the NaCl solution includes a
basic salt or base (for example, sodium bicarbonate, sodium carbonate, or sodium
hydroxide) to reduce the generation of Clz gas during the electrolysis. In at least some
embodiments, the NaCl solution includes at least 5, 10, 20, 30, 50, 100, 200, or 300 grams
(or more) of NaCl per liter of water. In at least some embodiments, the NaCl solution
includes, for example, 0.1, 0.25, 0.5, or 1 gram of the basic salt or base per liter of the
NaCl solution. In at least some embodiments, pre-prepared concentrated NaCl solution
and a weak acid solution are used to prepare the NaCl solution and the weak acid solution

in tanks 104 and 106.

In step 204, the NaCl solution is electrolyzed in the electrolysis cell 108 to
produce an aqueous NaClO solution as described above. In at least some embodiments,
the concentration of NaClO in the aqueous NaClO solution produced in the electrolysis
cell 108, prior to dilution, is at least 500, 1000, or 5000 ppm. In at least some
embodiments, the on-site generation of high concentration NaClO via electrolysis of high
concentration NaCl is safe and efficient due to high concentration of the NaCl reactant
and high solution conductivity. In at least some embodiments, the consumption of NaCl

is no more than 0.4, 0.5, or 1 gram of NaCl per liter of aqueous HCIO solution.
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In step 206, the NaClO solution is pumped into the product tank 110 and, in step
208, the NaClO solution is diluted using water from the water tank 102. Steps 206 and
208 can be performed in any order so that the NaClO solution is diluted before or after
being pumped into the product tank 110. In some embodiments, step 208 is skipped, and

dilution occurs during later steps.

In step 210, after the electrolysis cell 108 is emptied, the weak acid from the acid
tank 106 flows into the electrolysis cell 108 and, optionally, at least partially cleans the
electrolysis cell of deposits such as calcium carbonate or magnesium carbonate residue.
In at least some embodiments, the weak acid in the acid tank 106 is acetic acid and has a
molarity of at least 0.1 or 0.3 M and may be in the range of 0.1 to 16 M. In optional step
212, the weak acid is diluted in the electrolysis cell 108 using water from the water tank

102.

In step 214, the acid, after optional dilution, is pumped into the product tank 110
and combined with the NaClO solution. The weak acid forms a buffer to adjust the pH to
arange from 3 to 8, a range from 3.5 to 7, a range from 4 to 6.5, or a range from 4 to 6 to
produce the aqueous HCIO solution. In at least some embodiments, the dilution of the
NaClO or HCIO solution during steps 208 and 214 is at least a factor of 25, 50, 75, 100,

150, or 200 or more.

The user can remove the aqueous HCIO solution through the outlet 118. In at
least some embodiments, the concentration of HC1O in the aqueous HCIO solution, after

dilution in the product tank 110, is in a range from 1 to 500 ppm.

In at least some embodiments, the operation of the system 100 can be continuous
with the steps in Figure 2 repeated on a continuous cycle. In at least some embodiments,
the system 100 can be programmed so that the operation of the system 100 is repeated on
a regular or periodic basis. In at least some embodiments, the system 100 can be
programmed so that the operation of the system 100 is repeated based on measurements

from the level gauge 124 in the product tank 110.

In at least some embodiments, the system 100 can store the concentrated NaClO
solution or the diluted NaClO solution for periods of time (minutes, hours, or days) prior

to introduction of the weak acid. In at least some embodiments, the concentrated NaClO

-10-
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solution or the diluted NaClO solution can be stored in the electrolysis cell 108, the

product tank 110, or another storage tank (not shown) or any combination thereof.

In at least some embodiments, the aqueous hypochlorous acid solution is kept in
the product tank. When the aqueous hypochlorous acid solution is consumed, a NaClO
solution for the next batch of the aqueous hypochlorous solution is generated in the
electrolysis cell 108 as described above and is stored in the electrolysis cell until the
NaClO solution is needed to produce the next batch of the aqueous hypochlorous acid
solution. Then, the NaClO solution is transferred to the product tank, diluted, and weak
acid is added to produce more of the aqueous hypochlorous acid solution. In at least
some embodiments, there may be limit (for example, 12 or 24 hours) to the length of time
that the NaClO solution can remain in the electrolysis cell before reverting, at least in
part, to an NaCl solution via the reaction below. In at lease some embodiments, the
NaClO/NaCl solution in the electrolysis cell is re-charged every 24 hours as described
above, or may be re-charged every 12 to 120 hours, or may be re-charged before

producing next batch hypochlorous product.

2NaClO — 2Na(Cl + Oz

The above specification provides a description of the manufacture and use of the
invention. Since many embodiments of the invention can be made without departing
from the spirit and scope of the invention, the invention also resides in the claims

hereinafter appended.

-11-
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CLAIMS
What is claimed as new and desired to be protected by Letters Patent of the United

States 1s:

1. A method for making an aqueous hypochlorous acid (HCIO) solution, the
method comprising

electrolyzing a solution of sodium chloride to produce a solution of sodium
hypochlorite; and

producing the aqueous hypochlorous acid solution by adjusting a pH of the
solution of sodium hypochlorite to a value within a range of 3 to 8 by adding a selected
weak acid to the solution of sodium hypochlorite to produce a buffer comprising the

selected weak acid and a salt of the selected weak acid.

2. The method of claim 1, wherein the aqueous hypochlorous acid solution

has no more than 500 ppm hypochlorous acid.

3. The method of claim 1, further comprising adding a basic salt or a base to

the solution of sodium chloride.

4, The method of claim 3, wherein the basic salt or base is selected from

sodium bicarbonate, sodium carbonate, or sodium hydroxide.

5. The method of claim 1, wherein the selected weak acid is acetic acid and

the buffer is a combination of acetic acid and sodium acetate.
6. The method of claim 5, wherein the buffer in the aqueous hypochlorous

acid solution has a molar ratio of acetic acid to sodium acetate in a range from 1:100 to

100:1.

-12-
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7. The method of claim 1, further comprising diluting the solution of sodium
hypochlorite.
8. The method of claim 1, wherein the solution of sodium hypochlorite after

the electrolyzing has at least 500 ppm sodium hypochlorite.

9. The method of claim 1, wherein the solution of sodium hypochlorite after

the electrolyzing has at least 1000 ppm sodium hypochlorite.

10. The method of claim 1, wherein producing the aqueous hypochlorous acid
solution comprises producing the aqueous hypochlorous acid solution by adjusting a pH

of the solution of sodium hypochlorite to a value within a range of 4 to 6.

11. The method of claim 1, wherein electrolyzing the solution of sodium
chloride comprises electrolyzing the solution of sodium chloride in an electrolysis cell
comprising at least one positive electrode and at least one negative electrode without a
membrane or separator between the at least one positive electrode and the at least one

negative electrode.

12. The method of claim 11, further comprising transferring the solution of
sodium hypochlorite from the electrolysis cell after the electrolyzing and, after the

transferring, receiving the selected weak acid in the electrolysis cell.

13. The method of claim 11, further comprising generating, storing or re-
generating a solution of sodium hypochlorite in the electrolysis cell while the

hypochlorous acid product in the product tank is being consumed.

14. The method of claim 13, further comprising regenerating the sodium
hypochlorite solution by re-electrolyzing the sodium hypochlorite solution after storing
for a predetermined time period, wherein the predetermined time period is at least twelve

hours.
-13 -
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15. A system for making an aqueous hypochlorous acid (HC10) solution, the
system comprising:
an electrolysis cell;
a water tank or a coupling arrangement configured for coupling to an external
water source;
an acid tank configured for receiving a selected weak acid;
a NaCl tank configured for receiving an aqueous sodium chloride solution;
a product tank;
conduits individually coupling the water tank, acid tank, NaCl tank, and product
tank to the electrolysis cell; and
a controller configured and arranged to perform actions when the NaCl tank
contains the sodium chloride solution, the acid tank contains the selected weak acid,
water is in the water tank or the system is coupled to a water source using the coupling
arrangement, the actions including:
directing a portion of the aqueous sodium chloride solution from the NaCl
tank to the electrolysis cell;
electrolyzing the portion of the solution of sodium chloride to produce a
solution of sodium hypochlorite in the electrolysis cell;
directing the solution of sodium hypochlorite into the product tank; and
directing a portion of the selected weak acid in the acid tank into the
solution of sodium hypochlorite to produce the aqueous hypochlorous acid
solution by adjusting a pH to a value within a range of 3 to 8 by adding the
selected weak acid to the solution of sodium hypochlorite to form a buffer using

the selected weak acid and a salt of the selected weak acid.
16. The system of claim 15, wherein the system is configured to produce the

aqueous hypochlorous acid solution by providing acetic acid in the acid tank and a NaCl

solution in the NaCl tank

-14-
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17. The system of claim 16, wherein the system is further configured to
produce the aqueous hypochlorous acid when a basic salt or a base is provided in the
sodium chloride solution to reduce production of chlorine gas, wherein the basic salt or

base is selected from sodium carbonate, sodium bicarbonate, or sodium hydroxide.

18. The system of claim 15, wherein the electrolysis cell comprises at least
one positive electrode and at least one negative electrode without a membrane or
separator between the at least one positive electrode and the at least one negative

electrode

19.  The system of claim 18, wherein at least one of the at least one positive

electrode or the at least one negative electrode comprises ruthenium and iridium.

20.  The system of claim 18, wherein at least one of the at least one positive

electrode or the at least one negative electrode comprises titanium.
21. The system of claim 15, further comprising a housing, wherein the
electrolysis cell, water tank or coupling arrangement, acid tank, NaCl tank, product tank,

and controller are disposed in the housing.

22. The system of claim 15, further comprising at least one level indicator in at

least one of the acid tank, NaCl tank, or product tank and coupled to the controller.

-15-
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ABSTRACT
A method for making an aqueous hypochlorous acid (HC1O) solution includes
electrolyzing a solution of sodium chloride to produce a solution of sodium hypochlorite;
and producing the aqueous hypochlorous acid solution by adjusting a pH of the solution
of sodium hypochlorite to a value within a range of 3 to 8 by adding a selected weak acid
to the solution of sodium hypochlorite to produce a buffer including the selected weak

acid and a salt of the selected weak acid.

-16 -
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission ofthe attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission relatedto a patent application or patent. ifyou do
not furnish the requested information, the U.8. Patent and Trademark Office may not be able to
process and/or examine your submission, which mayresult intermination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.  The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 US.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure ofthese records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, inthe course of
presenting evidence 1o a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains,when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as aroutine use, to a contractor of the
Agency having need for the information inorder to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuantto 5 U.S.C. 552a(m).

5. Avrecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.SC. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs , under authority of 44 U.8.C. 2904 and 2906. Such disclosure shall be
made in accordance with the GSA regulations governing inspection of records for this purpose,
and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall notbe used to
make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuantto 35 U .S5.C.122(b) or issuance ofa patent
pursuantto 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public ifthe record was filed in an application which became
abandoned or inwhich the proceedings were terminated and which application is referenced
by either a published application, an application open to public inspection or an issued patent,

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, ifthe USPTO becomes aware of a violation or potential
violation of law or regulation.
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? @ "E‘l For receiving Office use only

Imernational Application No.

REQUEST

{nternational Filing Date

The undersigned requests that the present
international application be processed o ‘ o
according o the Patent Cooperation Treaty. Name of receiving Office and “PCT International Applicaticn”

Applicant’s or agent’s file veference (if desired) (23 Chiaracters maxisriing

CCLL-11-002.0

Box No. § TITLE OF INVENTION

METHODS AND SYSTEMS FOR PRODUCTION OF AN AQUEOUS HYPOCHLOROUS
ACID SOLUTION

Box No. 11 APPLICANTY D This person is also inventor

Telephone No.

fname; /OI o '”"{.’.’ (’Vl

Nare and address: (F ('m"- I, /Juuuem‘n
The eddress must in uzf'[b{@[)(} _,lr e ciid wairy. The couill ulm i l." s
Boxis the upplicand s Staie fhal is, country) ofre nce i e Slate of residesce iy m(“' aied below.)

COUGAR CREEK TECHNOLOGIES LLC Facsimile No.
12511 131ST CT NE # A-222
Kirkland, WA 98034 Applicant’sregistration Neo. withthe Office
United States of America

E-mail authorization: Marking one of the check-boxes below authorizes the recerving Office, the International Searching Authority, the
hiternaponad Bureau and the International Preliminary Exanmudng Authority o use the ¢-raat addeess wndicated in this Box 1o send notifications
issued i eespect of this iiernaiional apphceation (o that e-madl addeess i those offices are wilhing 1o do so.
as advance copies followed by paper notifications; or i1 excinsively in electronic form (no paper notifications will be sent).
E-mailaddress:
Staie (#hat is, country) of nationality. State (Fhat is, countrv) of residence;

This person is applicant K/ \ ; o e L . .
- -{1‘ ot Sf? pca t all designated States the States wdicated in the Supplemenial Box
for the purposes of” a G L

Box No. il FURTHBERAPPLICANT(S) AND/OR (FURTHER) INVENTORSS)

Further applicants and/er Further tventors awe iudicated o a continuation sheet.

Box No, IV AGENT OR COMMON REPRESENTATIVE; GRADDRESS FOR CORRESPONDBERCE

The person ideniified below s hercby/bas been dpp()lliiud 10 act oo behalf W agent m cCommon
of the applicani(s) before the conpelent International Authoritics as: A epreseniative

Name and address: (Fanilyname folicwed by given name; for alegal entity, full official designation. | Telephone No.

The address must inchide postal code and name of country,) 206-420-6050
BLACK, Bruce E.

Facsinnle No.

Branch Partners PLLC 206-420-6051

600 University Street, Suite 620
Seattle, WA 98101
United States of America

Agent’sregistration No. withithe Office

41,622

E-mail asthorization: \'{ah\m% onc of the check-boxes below authonzes the recaving Uﬁas:;: the Intcmational Scarching As ilhm‘l[\/ the
intemational Bureau and the International Preliminary Exaraining Asthority 1o use the c-mail addeess indicated in this Box to s¢ 6d notifications
issued in respect of this international applicaiion to that e-mail adees; if those offices are willing o do so.

{7 as advance copies followed by paper notfications; or Xi exclusively in electronic form (no paper notifications will be seat).
E-mailaddress: patentdocketing@branchpartners.law

Address for correspondence: Mark this check-box where no agent or conumon representative is/has been appeointed and the
space above 1s used instead to indicate a special address to which correspondence should be sent.

Form PCT/ROA0] (first sheet)y (July 2020) See Notes to tfie request form



SheetNo. .. 2. ..

Box No, [lf FURTIERAPPLICANT(SH) AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes is used. this sheet should nof be included in the reqguest.

Name and address: (Fasuly name folicwe venname; foralegal entity, full official des

The address must include postal cade and name of country, The country of the add)
xistheupplicant s State (thialis, L‘Uim!r‘t)U,’feslaer'ce: no State nfresiderice

Boxistheupplicant's V) U i 7

LI, Liyu

7129 169th Ave SE
Bellevue, WA 98006
United States of America

alicn.
sindicated in this
sdicated below. )

appiicant only

applicant and inventor

INVERIGT (mlv (4 this ch
is marked, do wot fill in b

Applicant’sregistration No. withthe Office

State (thrat is, country) of nationabity: State (hat is, country) of residence:

This person is applicant

for the purpuses of: D all designated States s indicated 1n the Supplemenial Box

Mame and address: (Familynamefollowed b;

This person is:
rnwmmr,m ImIL o

applicant oaly

E::E applicant and inventor

inventor only (If this check-box
is marked, do wot fill in below,)

Applicant’s registration No, withthe Office

State (that is, country) of nationality: State (that is, country) of residence;
:{S‘lil}ia;)? rg 3: pasp g%_icam D all designated States E] the States indicated in the Supplemental Box

[\ame and address: Family name followed &
The address must include postal code and name
[ I

Boxisthe applicant & State (that is, countyy) of residence i

f ername; Jforal
The
;‘rmbt‘a e ofresic

el entity, full official de. 's;nmmrl
fre address indicated in ths

dence is indicated below. ) m applicant only

applicant and inventor

his person is:

i

wwventor gunly (77 this check-box
is marked, do noi fi i

EE

Tin below.)

Applicand’s registration No. with the Office

Stale (that is, country) of nationality: Stale fthat is, coundryi of residence:

This person is applicant ¢ A . . Gt dadioas e Qg ls st
for the purposes of: E} all designated States E:J the States indicated in the Supplemental Box

Name and address: (tamilynamefoliowed by given name; foral

alentity full official designation.

4 - ! > ? o ‘ ation. 4 TThis person IS
The address mustinclude postal code and name of country, The country of the address indicated in this I
Boxisthe applicant s State (that 1s, counivy) ofresidence i no State ofresidence isindicated below.) [:-E app Heant o my

[:} applicant and inventor

Hvertor on? (i ihis ch t',k bax
is marked, do ol Sl in below.)

Applicant’s egistration No. with the Office

State (thar is, countryi of nationality: State (thai is, country) of residence:
This person is applicant . : b o -
for the purpoce@p of < KE all designated States m the Staies indicaied in the Supplemental Box

m Further applicants and/or (Ruther) wnventors are indicated oo another continnation sheet.

o

it POT/ROAADT (contimaation sheet) {(fuly 2020)

Notes 16 the reques




SheetNo. .. .3...

Box No. ¥V DESIGNATIONS

The filing of this request constitutes under Ruole 4.9(a) the designation of all Contracting States bound by the POT on the waternational
filing datc, for the grant of overy kind of pretection available and, where applicable, for the grant of both regional and naticual patents.,

However,

5:3 DE Germany s ant designated for any kind of national protecuon

E::E JP Japan is not designated for any kind of natioual protection

53 KE Republic of Korea is not designated for any kind of national protection

(The check-boxes above say only be used (o exclude (irvevocably) the designations concerned if) af ihe time of filing or subsequentl
% g o £ S (2l

under fule 20bis. !, the international application contains in Box No. Vi a priovity claim to an earfier national applic din the

particulor State concerned, in order to avoid the ceasing of the effect, under the national law, of this earlier national application.)

]

Box No, VI PRIORITY CLAIMAND DOCUMENT

The priority of the following carlier application(s) is hereby claimed:

Piling date Number Where carlier application is:
of sarlier application of earlier application - "
cdavimonthyvear) national application’| repignal application: [intermnational application:
fdayrimonth/vear) N . " A i S BT
coutitry of Member regional Oifice receiving Office
of WIO
iftem {1} 17/089,537 us
04 November 2020
(04/11/2020)

item (2}

item (3)

m Further priority clawms are indicated in the Supplomental Box.

Furnishing the priority document(s):

& The receiviang Office {8 requested 10 prepare and transyit to the International Burean a certified copy of the carlior applicativu(s)
(only if the earfier application(s) was filed with the receiving Office which, jor the purposes of this international application, is
the receiving Office) Wdentified above as:

all itcms Ej itom (1) E:j item (2} m item (5) Ej other, see Supplemental Box

EE The International Bureau is requested to obtain from a digital Iibrary a certified copy of the carlier application(s) identified above,
using, where applicable, the access code(s) indicated below (if the earlicr application(s) is available to it fiom o digitad library).

EE item (1) f:? itema (2 E:; iter (3) m other, see

access code access code access code Supplemenial Box

0w

Restore the right of priority: the receiving Office is requested to restore the right of priority for the earlier application(s) identified
I TG ¥ ‘ s i 5 PUUTIL - ; !

above or in the Supplemental Box as item(s) { ). (See also the Notes {0 Box No. VI, further
information must be provided fo support a reguest o resiore the right of priority.)

Incorporation by reference: where an clement of the international application referred to in Article TNy or (¢) or a part of
the description, claims or drawings referred to in Rule 20.5(a), or an element or part of the description, claims or drawings referred
1o 1 Rule 20.55is(a) (s not otherwise contaliied in this lwternational application but is completely comained 1 an earbier application
whose prienty is claimed on the date on which one or wore elements referred to 1n Article 1 () were fisst received by the receiving
Offtce, that element or paxt 18, subject to condirmation uxder Rule 20.6, incorporated by reference in thus international application for
the purpoeses of Rule 20.6.

Box No. VIE INTERNATIONAL SEARCHING AUTHORITY

uthority is competent to carry out the

sa/ US

Forw PCT/RO/0T (second sheety (July 2028) See Notes to the requiest forim



SheetNo. .. TN L

Box No. IX  CHECK LIST for EFS-Web filings - this sheet 15 only o be used when filing an infernational application with RO/US via EFS-Web

{including any declarations
and supplemental sheets) .. ... .. .0

(b) description (excluding any
equence Hsting part of the
description, see (f}, below). ... . .

w

Cycladms ... ... L
{(dyabstract ......... ... ... . ..... .
(e} drawings (Wany). ... ..., .0
() sequence bisting part of the

description in the form of an
image file e g POFY ... ..

Total number of sheets (including the
sequence listing part of the description
if filed as an dmage file) . ...

{g) sequence bisting part of the description

file

{3} WILL BE filed separately on physical data
carrier(s), on the same day and in the form
of an Annex C/ST.2S8 text file

indicate type and number of physical data
CATier{s) ...

[} fided in the form of an Annex C/ST.2S text

41 9

R 010

111 4

0o oo

22

10. [
1. &

This international application Number | This intcrnatiounal apphcation is accompanded by the Number

contains the following: of sheets | following llew(s) (mark the applicable check-boxes below of items
ard indicate in right columa the mumber of eackh item)!

{a} request form PCT/RG/101 . . .

(@) 1eq ’ 1. X feecalculationnshest. . ... ... ... ... ... . : q

onginal separate power of atiormey
original general powerofattorney. ... ... .. ... ... ...

copy of general powey of attorney; reference
TURDET . ... : 1

priority documeni(s) identified in Box No. VI
asHEMIE) .. e

Trausiation of iniernational application inio
Clanuguage). ..

separate indications concerning deposited
mricroorgamsm or other biological material ... ... .

{ondywhere item (f) is marked in the left column)

copy of the seguence listing in electronic form

(Annex C/5T.25 iext file) not forming partof

the intcrnanonal applicationbut furnished paly

for the purposes of international search vnder

Rule 13der. ... .
(ondy where item () (in the lefl column) and itemn 8 (above)
are marked) 3 siaiement coulirming that “the indormation
recorded tn electronic form subimitied under Rule 134er
1§ 1dentical to the sequence listing as contained in the
international application” as Bled via EF3-Web: .. ... ..

copy of results of carlier scarch(es) (Rule 12his.1(a)) . ..

other (specifv): PCT Trans.; Gert, of Electronic. Filing )

Figure of the drawings which 1
should accowpany the abstract:

L.anguage of filing of the
infernational applicaton

English

AN

Box Ne. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Next 1o each signatire, indicate the name of the person signing and ifie copacity m which the person signs (if such capacity is not obvious from reading the request).

/Bruce E. Black/

Branch Partners PLLC

Bruce E. Black, Agent for Applicant(s), Reg. No. 41,622

1. Datcofe
infems

tual rocoipt of the purported
aal application:

For recetving Office use only

2. Drawings:

the purported international application

3. Correcied date of actual receipt due to later but
timely received papers or drawings completing

u recerved:

{if two or more arc compaoteni):

4. Date of timely receipt of the required E:} not received:
corrections under PCT Article 131(2)
5. Imternational Searching Authority 6. Transmittal of search copy delayved

uniil scarch fec is paid

Date of receipt of the recoxd copy
by the International Burean;

FPor Intemativnal Bureau use only

Form PCT/RG/EGT (last sheet — BFS) (July 2020}

See Notes to the reqiiest formn



This sheet is not part of and does not count as a sheet of the infernational application.

PCT

FEE CALCULATION SHEERET

Annex 10 the Reqguest Tuteraational Application No.

For receiving Office use only

Applicant’s or agent’s file weference

CCLL-11-002.0 Date stamp of the receiving Office

Applicant

COUGAR CREEK TECHNOLOGIES, LLC

CALCULATION OF PRESCRIBED FEES

idpplicants may be entitied to a reduction of certain fees as indicated in the PUT Fee Tables
WWW.WIpo. intpotien/fees. pdft)

TOTRANSMITTAL FEE ... oo | 130.00 [771

™1 Authorization to charge the total fees iudicated above.

Deposit or Coxrent Accouxt NG

20 SEARCHFEE . . . E 1,090.00 57
internatzonal search to be carried out by US ________
3. INTERNATIONAL FILING FFED
Eunter total number of sheets indicated in Box No X 22
Fixed amount forthe first 30 cheets . . . . . . . . . E 1,344.00 511 §
% = | 0 2]
] number of sheets fee per sheet
in excess of 349
Add amounnis extered at i1 and i2 and exter wial ar I B E 1,344.00 ; ! ;
(Applicants from cer States are entitied to a reduciion of 90% of the international filing | (see
www.wipo. int/pct/e fee reduction.pdf). Where the applicant is (or alia spplicants are) so entitied, the toral
to be entered ar { is 10% of fihe inter ﬂf‘tiom.’!ﬁ!}ng Fee)
4. FEE FOR PRIGRITY DOCUMENT (ff applicatle): . ... .. .. .. .. .. E
S. FEE FOR RESTORATION OF THE RIGHT OF PRIORITY (if o
applicable): ... .. E &
6. FEEFOR EARLIER SEARCH DOCUMENTS (i applicablel: ... .. ... E 182
7. TOTALFEESFAYABLE . . . . . . . . . . .. 2,564.00
Add amounts entered at T, S, L P, RP and IS, TOTAL
and emiey total in the TOTAL box -
MODE QF PAYMENT /Not all modes of payment may be available at all veceiving Offices)
| credit card (details shonld authorization to charge deposit o cansfer cas
* not be included on this ﬂ or current account {(sce below) {:} bank transfet m cash
shect)
E:E postal woney order E] check m evenue stamps E:] other dspecifyis
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT OR CURRENT ACCOUNTY
{This mode of pavment may not be available at all receiving Offices) cceiving Office; ROY us

60-3581

DG 7 This check-boxmaybemarked only ifthe conditions for depositor current pate: OQctober 1 2-. 2021
accounts of the receiving Office so permit) Authorization to charge any
deficiency or credit any overpayment in the total fees indicated above. wame: Bruce E. Black
{:} Authorization to charge the fee for priority document. Signature: /Bruce E. Black/

Form PCT/RO/0E (Annex) (July 20203

See Notes fo the fec

calcilation sheer



	2021-10-12 Power of Attorney
	2021-10-12 Specification
	2021-10-12 Claims
	2021-10-12 Abstract
	2021-10-12 Drawings-only black and white line drawings
	2021-10-12 PCT-Transmittal Letter
	2021-10-12 Fee Worksheet (SB06)
	2021-10-12 EFS Acknowledgment Receipt
	2021-10-12 Misc. incoming letter from Applicant - IA
	2021-10-12 RO/101 - Request form for new IA - Conventional
	2021-10-12 RO/101 - Annex (fee calculation sheet)

