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METHODS OF AFFECTING SEPARATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This disclosure claims the benefit of priority to US Appl. No. 62/337,431, filed 17

May, 2016, the disclosure of which is incorporated herein in its entirety.

FIELD OF THE INVENTION

[0002] This disclosure is directed to methods of affecting the viscosities of oils for the

separation of these oils from emulsions.

BACKGROUND

[0003] Subsurface geological operations such as mineral mining, oil well drilling, natural
gas exploration, and induced hydraulic fracturing generate wastewater contaminated with
significant concentrations of impurities. These impurities vary widely in both type and amount
depending on the type of geological operation, the nature of the subsurface environment, and
the type and amount of soluble minerals present in the native water source. The contaminated
water is eventually discharged into surface waters or sub-surface aquifers. In some cases,
wastewater generated from drilling and mining operations have resulted in making regional
water supplies unusable. Induced hydraulic fracturing in particular is a highly water-intensive
process, employing water pumped at pressures exceeding 3,000 psi and flow rates exceeding
85 gallons per minute to create fractures in subsurface rock layers. These created fractures
intersect with natural fractures, thereby creating a network of flow channels to a well bore.
These flow channels allow the release of petroleum and natural gas products for extraction. The
flow channels also allow the injected water plus additional native water to flow to the surface

along with the fuel products once the fractures are created.

[0004] Flowback water, and produced water, from subsurface geological operations
contains a variety of contaminants. Often, produced water is “hard” or brackish and further
includes dissolved or dispersed organic and inorganic materials. Produced water can include
chemicals used in the mining operation, such as hydrocarbons that are injected along with water
to facilitate fracture formation in hydrofracturing. One common type of contaminant present in
produced water from hydrofracturing is a mixture of free and emulsified oil together with gel-like

accumulations of hydrocarbons. In most cases, this oily mixture further contains silt, sand,
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and/or clay particulates gathered by the produced water as it travels to the surface. These oily
mixtures are neutrally buoyant—that is, they neither sink nor float, or they require extended
times to sink or float—in produced water. While in some cases these oily mixtures are visible as
agglomerated, black, and tarry-looking residues, in other cases the oily mixtures, or some
portion thereof, are finely divided dispersed liquids or liquid/solid droplets or particles present

throughout the water phase.

[0005] Conventional oil separation processes relying on density differences are
incapable of effectively separating this oily mixture from produced water. Conventional filtering
methods employ screen or filter media that are quickly clogged by the oily mixture. Gravity
separation is not only slow but also requires the use of large tanks and low flow rates in order to
provide the long residence times needed to achieve an effective separation. Even with very long
residence times, very well dispersed, fine oily mixture droplets are sometimes inseparable from
the water phase. Methods such as evaporation of water from the mixture are not only time
intensive, but highly energy intensive as well, and impractical for mining operations where large
volumes of produced water are generated in short periods of time. Thus, current processes for

removing such material suffer many drawbacks.

[0006] Further remediation of produced water is only possible once this oily mixture is
removed. Therefore, there is a need for a process for effectively removing neutrally buoyant
materials from water. For example, in the mining industry, there is a need for a process to
effectively remove an oily mixture from produced water in an efficient manner to result in
produced water that is substantially free of emulsified petroleum, sand, silt, clay, and gel-like
hydrocarbons. There is a need to remove neutrally buoyant materials other than such oily
mixtures from water. There is a need for these processes to operate without undue energy
expenditure. There is a need for these processes to operate at a rate that is commensurate with

water-intensive applications such as hydrofracturing.

SUMMARY

[0007] One embodiment is a process that includes admixing a nanogas solution and an
oil-in-water emulsion; breaking the oil-in-water emulsion; and forming an oil phase floating on a
water phase; wherein the nanogas solution is a homogeneous mixture of nanobubbles and

water.

[0008] Another embodiment is a process that includes providing a floatation tank having

an inlet end and an outlet end; the floatation tank including an oil-in-water emulsion inlet and a
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first nanogas inlet proximal to the inlet end, and having an underflow baffle proximal to the outlet
end; providing an oil-in-water emulsion to the floatation tank via the oil-in-water emulsion inlet;
providing a nanogas solution to the floatation tank via the first nanogas inlet thereby admixing
the nanogas solution with the oil-in-water emulsion; breaking the oil-in-water emulsion and
forming an oil phase floating on a water phase; separating the water phase from the oil phase

by carrying the water phase under the underflow baffle.

[0009] Still Another embodiment is a process that includes admixing a nanogas solution
an oil sand tailings; breaking the oil sands tailings into an oil phase, a water phase, and a solids

phase; and separating the phases.

[0010] Yet another embodiment is a process that includes shearing a first nanogas
solution into an oil-in-water micro emulsion; breaking the oil-in-water micro emulsion and
forming a water-in-oil macro emulsion, a water phase, and a solids phase, where the water-in-oil
macro emulsion is carried on the water phase; and collecting oil from the water-in-oil macro
emulsion; wherein the nanogas solution consists essentially of a homogeneous mixture of

nanobubbles and water.

[0011] Yet still another embodiment is a process that includes providing a floatation tank
having an inlet end and an outlet end; the floatation tank including an oil-in-water emulsion inlet
and a first nanogas inlet, both, proximal to the inlet end, and having an underflow baffle proximal
to the outlet end; providing an oil-in-water emulsion to the floatation tank via the oil-in-water
emulsion inlet; providing a nanogas solution to the floatation tank via the first nanogas inlet
thereby admixing the nanogas solution with the oil-in-water emulsion without the formation of
macrobubbles; breaking the oil-in-water emulsion and forming an oil phase floating on a water
phase; and separating the water phase from the oil phase by carrying the water phase under

the underflow baffle.

[0012] Still yet another embodiment is a method that includes admixing a nanogas
solution with oil sands tailings; and separating materials including silts, residual bitumen, and
organic compounds from water in the oil sands tailings; wherein the nanogas solution is a

nitrogen-nanogas solution or an ON-nanogas solution.

[0013] Another embodiment is a method that includes admixing an oxygen-nanogas
solution or an ON-nanogas solution with an aqueous solution that includes hydrogen sulfide;

and oxidizing the hydrogen sulfide.
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[0014] Yet another embodiment is a method that includes admixing an oxygen-nanogas
solution or an ON-nanogas solution with a slurry of iron sulfide and water; and oxidizing the iron

sulfide to iron oxide.
BRIEF DESCRIPTION OF THE FIGURES

[0015] For a more complete understanding of the disclosure, reference should be made

to the following detailed description and accompanying drawing figures wherein:

[0016] Figure 1 is a process diagram of a process described herein; and

[0017] Figure 2 is a cross section of a separation tank showing the inflow and outflow of
agents.

[0018] While specific embodiments are illustrated in the figures, with the understanding

that the disclosure is intended to be illustrative, these embodiments are not intended to limit the

invention described and illustrated herein.

DETAILED DESCRIPTION

[0019] A first embodiment is a process of breaking an oil-in-water emulsion. As used
throughout, emulsions are oil-in-water emulsions. The process can include admixing a nanogas
solution and an emulsion; breaking the emulsion; and forming an oil phase floating on a water
phase. Preferably, the emulsion can be flow back water, produced water, or oil sands tailing
water. In other examples, the emulsion can be mayonnaise, butter, or a palm oil-in-water

emulsion.

[0020] Notably, the nanogas solution is a homogeneous mixture of nanobubbles and
water. As used herein, the term “nanobubbles” means bubbles of a gas within a liquid, wherein
the bubbles having an average diameter of about 10 nm to 100 nm; preferably, wherein there
are no bubble having a diameter of greater than about 500 nm, about 400 nm, about 300 nm,
about 250 nm, or about 200 nm, more preferably, there are no microbubbles. The herein utilized
nanobubbles can be formed in or by a nanogas solution generator, one example of which is
provided in US 9,586,176 which is incorporated herein in its entirety. Additional means for
forming the herein utilized nanobubbles include those machines and methods described in
8,500,104.

[0021] The nanogas solution is preferably homogeneous, that is, the nanobubbles are
evenly distributed throughout the solution and appear as a suspended “particulate” in the liquid.

Notably, the liquid may further be saturated with or near saturation with the gas that comprises
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the nanobubbles. A mixture of bubbles and liquid wherein the bubbles coalesce and/or rise to

the surface and break is not a homogeneous mixture of nanobubbles and the liquid.

[0022] The homogeneous mixture can include nanobubbles that include, consist
essentially of, or consist of oxygen (O,), nitrogen (N;), carbon dioxide (CO,), or a mixture
thereof; and can include a liquid that is water, for example, distilled water, di-water, ground
water, municipal water, collected water, or recycled water. As used herein, the terms oxygen
and nitrogen refer to the gasses O, and N, whether or not the term oxygen gas or nitrogen gas

is used.

[0023] In one instance, the homogeneous mixture includes collected water; as used
herein collected water means the water that has been used in the oil industry for the hydraulic
fracturing of subterranean formations, well stimulation or treatment, specifically water that has
been collected from a subterranean use. In another instance, the homogeneous mixture
includes recycled water, as used herein recycled water means the water has been passed
through the herein disclosed process of breaking an emulsion. Fig 1 shows a schematic of a
general process of breaking the emulsion. Notably, the dashed lines denote the optional use of
the water separated from the emulsion as the feed water or generator water for the nanogas

solution (feeding into a nanogas solution generator).

[0024] In yet another instance the homogeneous mixture (i.e., the nanogas solution)
includes oxygen, nitrogen, carbon dioxide, or a mixture thereof. In one example, the nanogas
solution is a nitrogen-nanogas solution wherein the solution includes, consists essentially of, or
consists of nitrogen (N2) and the water. Herein, the term consists essentially of refers to the
inclusion of salts, gases, or solutes that may occur in the water (liquid) but have no effect on the
performance of the nanogas solution in the herein disclosed processes. Notably, unless
rigorously cleaned and degassed, water will always include some concentration of contaminants
(solutes and gases). Furthermore, the term consisting essentially of includes the use of recycled
water for the formation of the nanogas solution; in this instance, the solution will consist of the
gas, water (H-O), and minor concentrations of compounds found in the emulsion from which the
recycled water was obtained. Herewith, the nanogas solution preferably consists essentially of
the gas and water, wherein the contaminants in the water do not affect the performance of the
solution. In another example, the nanogas solution is an oxygen-nanogas solution wherein the
solution includes, consists essentially of, or consists of oxygen and water. In still another
example, the nanogas solution is a ON-nanogas solution wherein the solution includes, consists

essentially of, or consists of oxygen, nitrogen, and water. Herein, an ON-nanogas includes
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molar ratios of oxygen to nitrogen of 99:1 to 1:99, for example 99:1, 90:1, 80:1, 70:1, 60:1, 50:1,
40:1, 30:1, 20:1, 10:1, 1:1, 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 1:80, 1:90, and 1:99.
Preferred molar ratios include about 18:82, 21:79, 28:72, 30:70, 32:68, 35:65, 40:60, 42:58, and
50:50. Other particularly relevant molar ratios can be selected from 50:50; 60:40; 70:30; and
80:20. In yet still another example, the nanogas solution includes carbon dioxide wherein the
solution includes, consists essentially of, or consists of carbon dioxide and water, more

preferably a mixture of carbon dioxide, nitrogen, and water.

[0025] In one example, the process includes admixing a nitrogen-nanogas solution with
the emulsion. Preferably, the process includes breaking the emulsion and forming (and
separating) a water phase and a nitrogen-oil phase. Herein, the term nitrogen-oil phase is a
designation of source for the material coming from the treatment of the emulsion with the
nanogas solution. In some examples, the nitrogen-oil phase includes nitrogen gas. In one
example, the emulsion is an emulsion of a crude oil and water (e.g., a produced water, flow
back water, or oil sands tailing water) and, from the admixing of this emulsion with the nitrogen
nanogas solution is, preferably, separated a light crude oil (a crude oil having a API gravity of
higher than 31.1°). More preferably, the emulsion is an emulsion of heavy (API gravity of less
than 22.3°) and/or medium (22.3° to 31.1°) crude oil in water and the process provides a water
phase and a nitrogen-oil phase. The nitrogen-oil phase can be a light oil phase, a medium oil
phase, or a heavy oil phase; notably, the nitrogen-oil phase is preferably an admixture of water,
oil, and gas that floats on the water phase. In specific examples, the nitrogen-oil can be
separated from the water phase (for example, by overflow of a separation weir). The water
retained in the nitrogen oil phase can then be removed (e.g., by cyclone separation, emulsion
breaking, or absorption) leaving the oil phase. The isolated oil phase can be a heavy or medium
oil. That is, the admixing of the nitrogen-nanogas solution with the emulsion, breaks the
emulsion and carries a nanogas-oil phase on a water phase, the nanogas-oil phase can be
separated and dried to leave a heavy oil. Unexpectedly, the nitrogen-oil phase has been
separated and dried of residual water, leaving an oil having an API gravity of about 8-10. That
is, the process can separate carry and separate very heavy oil from produced water or oil sands

tailings.

[0026] In one example, the nitrogen-nanogas solution can include, consist essentially of,
consist of nanobubbles that include at least 80%, 90%, or 95% nitrogen and water. Preferably,
the nitrogen-nanogas solution consists of nitrogen nanobubbles and water wherein the nitrogen

nanobubbles include at least 90%, or at least 95% nitrogen gas. The process, preferably, further
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includes separating an underlying water phase and the nitrogen-oil phase (which floats on the
water phase). The underlying water phase can be recycled for the preparation of a nanogas
solution; the nitrogen-oil phase is, preferably, recovered and can be processed (e.g., pumped to

storage facilities).

[0027] The process can further include separating a precipitate or solid from the water
phase. In one example, the addition of the nitrogen-nanogas solution to the emulsion provides a
tri-phase or three component mixture of a nitrogen-oil phase, a water phase, and a precipitate.
For example, emulsion can include bitumen, iron sulfide, shale, sand, and/or other subterranean
component (herein subterranean components means materials other than water and oil that are
carried to the surface during hydrocarbon extraction). In this example, the subterranean
component (including bitumen, iron sulfide, shale, sand, and other materials) is the precipitate.
That is, the process can break both the emulsion (separating oil and water) but can

contemporaneously separate solid subterranean components from the oil droplet.

[0028] In another example, the process includes admixing an oxygen-nanogas solution
with the emulsion providing an oxygen-oil phase. Preferably, the oxygen-nanogas solution
includes oxygen nanobubbles composed of at least 80%, 90%, or 95% oxygen. Preferably, the
nanogas solution consists essentially of, more preferably consists of oxygen nanobubbles and
water wherein the oxygen nanobubbles includes at least 90%, or at least 95% oxygen.
Preferably, the process includes breaking the emulsion and forming (and separating) a water
phase and an oxygen-oil phase. Herein, the term oxygen-oil phase is a designation of source for
the material coming from the treatment of the emulsion with the nanogas solution, in some
examples the oxygen-oil phase includes oxygen gas (O,). In one example, the emulsion is an
emulsion of a crude oil and water (e.g., a produced water, flow back water, or oil sands tailing
water) and, from the admixing of this emulsion with the oxygen nanogas solution is, preferably,
separated a crude oil. As distinct from the addition of the nitrogen-nanogas solution as
described above, the addition of the oxygen-nanogas solution to the emulsion provides the
separation of a medium or heavy crude oil. Even more typically, the addition of the oxygen-
nanogas solution provides the separation of an agglomerated oil mixture (which can include

water) that does not freely flow but can float on water.

[0029] In one example, the oxygen-nanogas solution can include, consist essentially of,
consist of nanobubbles that include at least 80%, 90%, or 95% oxygen and water. Preferably,
the oxygen-nanogas solution consists of oxygen nanobubbles and water wherein the oxygen

nanobubbles include at least 90%, or at least 95% oxygen gas. The process, preferably, further
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includes separating an underlying water phase and the oxygen-oil phase (which floats on the
water phase). The underlying water phase can be recycled for the preparation of a nanogas
solution; the oxygen-oil phase is, preferably, recovered and can be processed (e.g., pumped to

storage facilities).

[0030] In another preferable instance, the process includes reducing a concentration of
hydrogen sulfide in the emulsion or in a separated water phase. Preferably wherein the
hydrogen sulfide concentration is reduced to a level below about 10 ppm, 5 ppm, or 1 ppm. The
reduction of the hydrogen sulfide concentration can include the formation of sulfite and sulfate
species in the water. In one example, the addition of the oxygen-nanogas solution to the
emulsion or the separated water provides a sufficient concentration of oxygen that the hydrogen
sulfide is oxidized. In another example, the addition of the oxygen-nanogas solution to a mixture
of hydrogen sulfide and water oxidizes the sulfide to a sulfite and/or sulfate. Preferably, the
sulfide (S%) is oxidized to sulfite (SO;%) and/or sulfate (SO4*) in water (e.g., the H,S or X(SH)
oxidized to hydrogen sulfite, hydrogen sulfate, or the salts thereof). In certain examples, the
emulsion (or the water solution) includes ions or agents that react with and/or bind the sulfite or

sulfate and precipitate this sulfur species from the solution.

[0031] In yet another preferable instance, the process can include reducing a
concentration of iron in the emulsion; affecting the separation of iron from water; and/or
oxidizing iron sulfide (e.g., FeS), for example, to reduce any likelihood pyrophoric actions upon
removal. Notably, flow back water, produced water, or oil sands tailing water can include a
concentration of iron sulfide, typically FeS. In one example, the majority (preferably all) of the
iron sulfide can be separated from an emulsion by the addition of a nitrogen nanogas solution;
this process breaks the emulsion and precipitates the iron sulfide. In some instances, portions of
the iron sulfide may stay suspended in the water phase; in these instances, the addition of an
oxygen nanogas solution provides an admixture that can be filtered without irreversibly clogging
filter membranes or screens. In another example, the iron sulfide concentration in the water
phase is reduced to a level below about 10 ppm, 5 ppm, or 1 ppm. Preferably, the addition of
the oxygen nanogas solution provides an admixture that can be filtered and the filter screen
back washed. Notably, the iron sulfide suspended in the solution without the addition of the
oxygen-nanogas solution is an admixture capable of filtration but clogs the screens and cannot
be backwashed. In one example, the addition of an oxygen-nanogas solution or an ON-nanogas
solution to an admixture of iron sulfide and water (obtained from an emulsion) partially oxidizes

the surface of the iron sulfide, decreases the adhesion of oil to the surface of this oxidized
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material, and permits for the more facile filtration. In another example, the iron sulfide can be
oxidized to iron oxide (Fe,O; or FeO). Herein, an oxygen-nanogas solution can be added to an
admixture of water and iron sulfide; in one example the admixture of water and iron sulfide is
selected from the emulsion (unseparated), a separated water phase that includes iron sulfide, or
a slurry of iron sulfide and water (for example, a slurry that was previously separated from the
emulsion by the addition of a nitrogen-nanogas solution; or a slurry that is the resuspension of
separated iron sulfide, and optionally other materials, in water)). Preferably, the iron sulfide is

quantitatively converted to an iron oxide.

[0032] In still another instance, the process can include admixing an ON-nanogas
solution with the emulsion. In this instance, the addition can afford the reduction of the sulfide
concentration in the separated water, the reduction of the iron sulfide concentration in the
separated water, a lightening of the separated oil phase, and or a mixture thereof. In one
example, the nanogas solution is a ON-nanogas solution wherein the solution includes, consists
essentially of, or consists of oxygen (O), nitrogen (N;), and water. Herein, an ON-nanogas
includes molar ratios of oxygen to nitrogen in the range of 99:1 to 1:99; examples include 99:1,
90:1, 80:1, 70:1, 60:1, 50:1, 40:1, 30:1, 20:1, 10:1, 1:1, 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70,
1:80, 1:90, and 1:99. Preferred molar ratios include about 18:82, 21:79, 28:72, 30:70, 32:68,
35:65, 40:60, 42:58, and 50:50. One particularly relevant molar ratio is 21:79 (air). Other
particularly relevant molar ratios can be selected from 50:50; 60:40; 70:30; and 80:20. In
particular, the amount of oxygen (relative to the amount of nitrogen) can be varied to achieve
different results (oxidation vs separation), and the higher the concentration of the composition

that is desired to be oxidized (e.g., a sulfide) the higher the oxygen concentration can be.

[0033] In yet another instance, the process can include admixing the emulsion with a
first nanogas solution. The process can then include either (A) separating the admixture into
components (i.e., oil phase, water phase, and possibly solid phase) and then admixing the
water phase with a second nanogas solution, or (B) prior to separating the components, adding
a second nanogas solution to the first admixture. When the first admixture is a heterogeneous
admixture (having at least an oil phase and a water phase), the second nanogas solution is
preferably added to the water phase. In one example, the first nanogas solution is a nitrogen-
nanogas solution and the second nanogas solution is an oxygen nanogas solution. In a second
example, the first nanogas solution is an oxygen nanogas solution or an ON-nanogas solution
and the second nanogas solution is a nitrogen-nanogas solution. In a third example the first

nanogas solution is selected from the group consisting of a nitrogen-, an oxygen-, and a ON-
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nanogas solution; and the second nanogas has a composition that is different from the first
nanogas solution and is selected from the group consisting of a nitrogen-, an oxygen-, and a

ON- nanogas solution.

[0034] Preferably, the addition of the nitrogen-nanogas to the water phase forms a
nitrogen-oil phase which has a viscosity that is lower than a viscosity of the oxygen-oil phase.
That is, the addition of the nitrogen-nanogas solution (e.g., to the broken emulsion formed by
the admixing of the oxygen-nanogas solution and an emulsion) affects a change in the oil-phase
carried on the water, thereby reducing the viscosity of the oil-phase and preferably furthering a
separation of the oil and water. In one instance, this can be understood as a further lightening of
the oil. In another instance, the addition of the nitrogen-nanogas solution affects a separation of
the oil and any subterranean components (e.g., solids). In one unexpected instance, the
addition of the oxygen-nanogas solution did not affect or affected to a minor extent the
separation of the subterranean components and the addition of the nitrogen-nanogas solution
afforded separation or enhanced separation (beyond what is achievable with just the oxygen
nanogas solution). Still further, the nitrogen-oil phase is, preferably, separated from the

underlying water phase and the oil is recovered and can be processed.

[0035] Another example of the process described herein includes shearing a first
nanogas solution into an oil-in-water micro emulsion, and breaking the oil-in-water micro
emulsion and forming a water-in-oil macro emulsion, a water phase, and a solids phase, where
the water-in-oil macro emulsion is carried on the water phase. The process can also include
collecting oil from the water-in-oil macro emulsion. Here, the nanogas solution consists

essentially of a homogeneous mixture of nanobubbles and water.

[0036] In one instance, shearing means contacting the nanogas solution and the oil-in-
water micro emulsion in such a way that the oil droplets in the emulsion are disrupted, in one
case made even smaller. In another instance, shearing means injecting the nanogas solution
between a double layer boundary of the oil droplets in the micro emulsion. The shearing can
involve providing a flow of the oil-in-water micro emulsion and injecting a stream of the first
nanogas solution into the micro emulsion flow at a direction that is 90° to 180° from the flow,
preferably 115° to 180°, more preferably 135° to 180°. Preferably, the nanogas solution is
injected as a stream with sufficient pressure to provide turbulence and shear in the micro
emulsion flow. In one preferable instance, a plurality of nanogas solution streams are injected
into the micro emulsion flow path at angles ranging from 115° to 180° using a nozzle or tube.

Preferably, the nozzle or tube does not constrict at its termination as this constriction can disrupt

10
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the nanogas solution and promote macrobubble formation. In another preferable instance, the
plurality of nanogas solution streams intersect in the micro emulsion flow path. In another
instance, the nanogas solution and the micro emulsion can be intermixed in a volume (“mixer”)
that can carry both materials. Examples of a mixer can include a pipe carrying the micro
emulsion or can include shearing mixers or mixing containers (e.g., rotostator mixers). This
sheared admixture is then preferably ejected (transferred) into a separation container (e.g., a

floatation tank, a drum, a pond).

[0037] The process can also include separating the water phase from the water-in-oil
macro emulsion and the solids. Notably, the separated water phase can include nanobubbles;
that is, the concentration of nanobubbles in the sheared admixture is sufficiently high that the
nanobubbles are not consumed or absorbed into the water-in-oil emulsion. This separated
water, if containing a sufficient concentration of nanobubble can be used as a nanogas solution
(e.g., sheared into an oil-in-water emulsion to provide the benefits described herein). Preferably,
a portion of the separated water is recycled and used to provide the first nanogas solution (e.g.,

by addition to a machine or process for the manufacture of a nanogas solution).

[0038] In another instance, the oil-in-water micro emulsion can include a number of
emulsifiers that promote or stabilize the emulsion. Notably, when the emulsion is the result of,
for example, the petroleum industry, the micro emulsion can include emulsifiers selected from
solids, asphaltenes, paraffins, resins, and mixtures thereof. Typically, these emulsifiers are
distributed at the interface between the oil droplets and the water, stabilizing the oil droplets,
preventing them from agglomerating, and thereby stabilizing the emulsion. Notably, these
emulsifiers increase the zeta-potential of the oil droplets to prevent the agglomeration and
separation of the oil. In one case, where the first nanogas solution is an oxygen-nanogas
solution; the process involves absorbing oxygen nanobubbles into the emulsifiers, reducing the
zeta potential of an oil droplet, and forming an admixture that includes a coagulum. Herein, the
coagulum is an oil-in-water macro emulsion; that is, the oxygen nanobubbles act as a chemical
coagulant without the addition of traditional coagulants. In this case, the macro-emulsion may
float or separate from the water but generally includes a high proportion of water to oil.
Accordingly, the process preferably also includes admixing a second nanogas solution with the
admixture that includes the coagulum. Here, this second nanogas solution is a nitrogen-
nanogas solution which dissociates the emulsifiers from a surface of oil droplets in the oil-in-
water macro emulsion, breaks the oil-in-water emulsion, and forms the water-in-oil macro

emulsion.
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[0039] Notably, the addition of a nitrogen-nanogas solution in the current process has
been found to support a process that includes dissociating the emulsifiers from a surface of oil
droplets in the oil-in-water macro emulsion; breaking the oil-in-water emulsion; and forming the
water-in-oil macro emulsion. In one case, the nitrogen nanobubbles disrupt the emulsifiers from
the oil droplets and allow the oil to demulsify (e.g., group into larger drops). Notably, the addition
of the nitrogen-nanogas solution in the current process separates a large percentage (e.g.,
greater than 50 wt.%) of solids from the oil droplets causing these solids to precipitate or settle

from the solutions.

[0040] In one preferable case, the first nanogas solution can include carbon dioxide and
nitrogen; that is, nanobubbles of carbon dioxide and nitrogen (either as admixtures or separate
nanobubbles). This case can include the absorption of the carbon dioxide (from the
nanobubbles) into oil droplets (e.g., providing an oil-carbon dioxide composition). Preferably, the
oil-carbon dioxide composition (carbon dioxide absorbed oil droplet) has a density that is less
than the density of the oil droplet without the carbon dioxide. In this case, the separation of the
components of the emulsion can provide an water-in-oil macro emulsion which includes carbon

dioxide in the oil.

[0041] In another case, the oil-in-water micro emulsion might include a concentration of
sulfides greater than 50 ppm, the sulfides selected from iron sulfide, hydrogen sulfide, and a
mixture thereof. This process can include either (a) the first nanogas solution includes a
sufficient quantity of oxygen nanobubbles to react completely with the concentration of sulfides
in the oil-in-water emulsion, thereby reducing the sulfide concentration to less than 10 ppm, or
(b) the process further includes admixing a second nanogas solution with the water phase,
wherein the sulfides of the oil-in-water micro emulsion are carried into the water phase, and
where the second nanogas solution includes a sufficient quantity of oxygen nanobubbles to
react completely with the concentration of sulfides in the water phase, thereby reducing a sulfide

concentration to less than 10 ppm.

[0042] Notably, the embodiments provided herein proceed without the formation of
macrobubbles. In one case, the first nanogas solution does not form macrobubbles. Preferably,
none of the nanogas solutions utilized herein form or include macrobubble (i.e., any bubble
larger than a nanobubble). Preferably, the water-in-oil macro emulsion (separated from the
micro emulsion) further does not include macrobubbles. In one instance, the water-in-oil macro
emulsion includes greater than about 50 wt.% oil, less than about 50 wt.% water, and further

includes nanobubbles.
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[0043] In another embodiment, the process of breaking the emulsion can be utilized to
continuously or batch wise separate oil from water. For example, the process can be used to
separate oil from water in oil field produced water, collected water, or catch basins. More
preferably, the process can be used to reduce the hydrocarbon content of a water and facilitate
reuse or disposal. In one instance (e.g., as shown in Fig 2) the process can utilize a floatation
tank 100 for the oil and water separation. The floatation tank 100 can have an inlet end 101 and
an outlet end 102; an emulsion inlet 103 and a first nanogas inlet 104 proximal to the inlet end
101 and an underflow baffle 105 proximal to the outlet end 102. Examples of floatation tanks
include DAF tanks and API tanks. Preferably, the floatation tank is a circular or rectangular DAF
tank; more preferably the floatation tank is a rectangular tank that provides at least 5 minutes,

10 minutes, 15 minutes, or 20 minutes of residency time in the tank.

[0044] The process can include providing an emulsion to the floatation tank 100 via the
emulsion inlet 103. The emulsion can be a produced water or collected water from a well
operation. The process can additionally include providing a nanogas solution to the floatation
tank via the first nanogas inlet 104. The process further includes admixing the nanogas solution
with the emulsion. The admixing can be facilitated by the hydraulic flow within the floatation tank
or can be further facilitated by the operation of a mixer (e.g., a paddle or propeller) within the

floatation tank.

[0045] The process preferably includes breaking the emulsion and forming an oil phase
106 floating on a water phase 107. Herein, breaking the emulsion includes the coalescence of

the oil “droplets” to form an oil phase (e.g., an water-in-oil emulsion) carried by the water phase.

[0046] The process can then include separating the water phase from the oil phase.
Preferably, the water phase is separated by carrying the water phase 107 under the underflow
baffle 105. In this instance, the oil phase is retained on the surface of the water phase. The oil
phase can further be removed by an overflow or oil skimmer that can conduct the oil phase to a

collection or storage apparatus.

[0047] In another instance, the floating tank 100 can include a second nanogas inlet 108
down steam from the first nanogas inlet and upstream from the underflow baffle. Herein,
downstream means a position closer to the outlet end than the first nanogas inlet. Preferably,
the second nanogas inlet is upstream of a midpoint between the inlet end and the outlet end.
Still more preferably, the second nanogas inlet is upstream of the first quarter point between the
inlet end and the outlet end. In this instance, the process can further include providing a second

nanogas solution to the floatation tank via the second nanogas inlet. Thereby, the second
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nanogas solution is preferably admixed with the water phase carrying the oil phase, that is, the
second nanogas solution is added to the floatation tank at a position or time after the emulsion
breaks. Preferably, the second nanogas solution is a homogeneous mixture of nitrogen
nanobubbles Yet another embodiment is a method of treating tailing water from oil sands
production processes. The method can include admixing a nanogas solution and oil sands
tailings; and then separating materials including silts, residual bitumen, and organic compounds
from water in the oil sands tailings. As described above, the nanogas solution is a
homogeneous mixture of nanobubbles and water. In one instance, the nanogas solution is a
nitrogen-nanogas solution and, preferably, the nitrogen-nanogas solution affects the viscosity of
materials in the oil sands tailings. In another instance, the nanogas solution is an oxygen-
nanogas solution and, preferably, oxidizes volatile materials in the oil sands tailings. In still
another instance, the method includes admixing a second nanogas solution with the admixture
of the nanogas solution and the oil sands tailings; wherein the nanogas solution is an oxygen-

nanogas solution and the second nanogas solution is a nitrogen-nanogas solution.

[0048] In one example, a nanogas solution is directly added to the tailings, preferably
directly added to a tailings pond. For example, the nanogas solution can be injected or added to
the tailing by subsurface injection, that is, injection of the nanogas solution into the tailings
below the surface of the tailings pond. Recognizing the enormity of tailings ponds (e.g., those
associated with tar sands recovery) the nanogas solution can be poured, sprayed, or distributed
over the pond. In another example, the nanogas solution is added to the tailings prior to the
addition of the tailings to the ponds; that is, at the end of the hydrocarbon recovery process.
Preferably, the nanogas solution is mixed with the tailings prior to addition of the tailings to the
tailings pond. In yet another example, the nanogas solution can be mixed with tailings by
pumping tailings from the tailings pond, admixing with the nanogas solution, and then returning

the mixture to the tailings pond.

[0049] In a preferable example, the addition of the nanogas solution (e.g., a nitrogen-
nanogas solution) to the tailings pond increases the rate of separation of the oils, water, and
solids contained in the tailings. In another preferable example, the addition of a nanogas
solution that includes oxygen (e.g., an oxygen-nanogas solution or an ON-nanogas solution)
and oxidizes hydrogen sulfide and/or other oxidizable components of the tailings solution. In one
example, the addition of an oxygen including nanogas solution additionally causes hydrocarbon
materials to agglomerate and increase separation; in another example, the addition of a

nitrogen nanogas solution separates and lightens the oil(s) and allows for more facile removal of

14



WO 2017/201016 PCT/US2017/032858

the hydrocarbons from the surface of the tailings pond. Preferably, the addition of the nanogas
solution increases the settling rate by a factorof 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2.0.
More preferably, the addition of the nanogas solution increases the settling rate by at least 2

times.

[0050] In a particular instance, the method can include admixing a nanogas solution with
oil sands tailings and then separating materials including silts, residual bitumen, and organic
compounds from water in the oil sands tailings. In this instance, the nanogas solution includes
nitrogen nanobubbles, oxygen nanobubbles, carbon dioxide nanobubbles or a mixture thereof.
In one case, the nanogas solution is a nitrogen-nanogas solution. In another case, the viscosity
of oil in the tailings is reduced as an effect of the addition of the nanogas solution. In yet another
case includes further admixing an oxygen-nanogas solution with the oil sands tailings; and
oxidizing a sulfide. The process can includes admixing the nanogas solution with the tailings
and then adding the admixture to a tailings pond; can include subservice injection and admixing
of the nanogas solution and the tailings, for example the subsurface injection of the nanogas

solution into tailings held in a tailings pond.

[0051] Still another embodiment is a method for oxidizing sulfides. In one instance this
method can include admixing an oxygen-nanogas solution or an ON-nanogas solution with an
aqueous solution that includes hydrogen sulfide and oxidizing the hydrogen sulfide. In another
instance this method can include admixing an oxygen-nanogas solution or an ON-nanogas

solution with a slurry of iron sulfide and water and oxidizing the iron sulfide to iron oxide.
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WHAT IS CLAIMED:

1. A process comprising:

shearing a first nanogas solution into an oil-in-water micro emulsion;

breaking the oil-in-water micro emulsion and forming a water-in-oil macro
emulsion, a water phase, and a solids phase, where the water-in-oil macro emulsion is carried
on the water phase; and

collecting oil from the water-in-oil macro emulsion;

wherein the nanogas solution consists essentially of a homogeneous mixture of

nanobubbles and water.

2. The process of claim 1 further comprising separating the water phase from the
water-in-oil macro emulsion and the solids; wherein the separated water phase includes

nanobubbles.

3. The process of claim 2 further comprising recycling a portion of the water phase;

and using the recycled portion of the water phase to provide the first nanogas solution.

4 The process of claim 1, wherein the oil-in-water micro emulsion includes

emulsifiers selected from solids, asphaltenes, paraffins, resins, and mixtures thereof.

5. The process of claim 4, wherein the first nanogas solution is an oxygen-nanogas
solution; the process further comprising absorbing oxygen nanobubbles into the emulsifiers,
reducing the zeta potential of an oil droplet, and forming an admixture that includes a coagulum;

wherein the coagulum comprises an oil-in-water macro emulsion.

6. The process of claim 5, further comprising admixing a second nanogas solution
with the admixture that includes the coagulum, where the second nanogas solution is a
nitrogen-nanogas solution; dissociating the emulsifiers from a surface of oil droplets in the oil-in-
water macro emulsion; breaking the oil-in-water emulsion; and forming the water-in-oil macro

emulsion.

7. The process of claim 4, wherein the first nanogas solution is a nitrogen-nanogas
solution; the process further comprising dissociating the emulsifiers from a surface of oil
droplets in the oil-in-water macro emulsion; breaking the oil-in-water emulsion; and forming the

water-in-oil macro emulsion.

8. The process of claim 1, wherein the first nanogas solution includes carbon

dioxide and nitrogen; the process further comprising absorbing the carbon dioxide into an oil
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droplet; and reducing the density of the oil droplet; wherein the water-in-oil macro emulsion

includes carbon dioxide in the oil.

9. The process of claim 1, wherein the oil-in-water micro emulsion includes a
concentration of sulfides greater than 50 ppm, the sulfides selected from iron sulfide, hydrogen
sulfide, and a mixture thereof; wherein either (a) the first nanogas solution includes a sufficient
quantity of oxygen nanobubbles to react completely with the concentration of sulfides in the oil-
in-water emulsion, thereby reducing the sulfide concentration to less than 10 ppm, or (b) the
process further includes admixing a second nanogas solution with the water phase, wherein the
sulfides of the oil-in-water micro emulsion are carried into the water phase, and where the
second nanogas solution includes a sufficient quantity of oxygen nanobubbles to react
completely with the concentration of sulfides in the water phase, thereby reducing a sulfide

concentration to less than 10 ppm.

10. The process of claim 1 further comprising providing a flow of the oil-in-water
micro emulsion; wherein shearing the first nanogas solution into the oil-in-water micro emulsion
includes injecting a stream of the first nanogas solution into the micro emulsion flow at a
direction that is 90° to 180° from the flow, preferably 115° to 180°, more preferably 135° to 180°.

11. The process of claim 1, wherein shearing the first nanogas solution into the oil-in-
water micro emulsion includes admixing the first nanogas solution and the micro emulsion in a

mixer; the process further including ejecting this admixture into a separation container.

12. The process of claim 1, wherein the first nanogas solution does not form

macrobubbles.

13. The process of claim 1, wherein the water-in-oil macro emulsion does not include

macrobubbles.

14. The process of claim 1, wherein the water-in-oil macro emulsion includes greater
than about 50 wt.% oil and less than about 50 wt.% water; wherein the water-in-oil macro

emulsion further includes nanobubbles.

15. A process comprising:

providing a floatation tank having an inlet end and an outlet end; the floatation
tank including an oil-in-water emulsion inlet and a first nanogas inlet, both, proximal to the inlet
end, and having an underflow baffle proximal to the outlet end;

providing an oil-in-water emulsion to the floatation tank via the oil-in-water

emulsion inlet;
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providing a nanogas solution to the floatation tank via the first nanogas inlet by
injecting a stream of a nanogas solution into a flow path of the oil-in-water emulsion at a
direction that is 90° to 180° from the flow path, preferably 115° to 180°, more preferably 135° to
180°, thereby admixing the nanogas solution with the oil-in-water emulsion without the formation
of macrobubbles;

breaking the oil-in-water emulsion and forming an oil phase floating on a water
phase;

separating the water phase from the oil phase by carrying the water phase under

the underflow baffle.

16. The process of claim 15,
wherein the floatation tank includes a second nanogas inlet down steam from the
first nanogas inlet and upstream from the underflow baffle;
the process further including
providing a second nanogas solution to the floatation tank via the second
nanogas inlet thereby admixing the second nanogas solution with the water phase carrying the

oil phase.

17. A method comprising:

admixing a nanogas solution with oil sands tailings;

separating materials including silts, residual bitumen, and organic compounds
from water in the oil sands tailings;

wherein the nanogas solution includes nitrogen nanobubbles, oxygen

nanobubbles, carbon dioxide nanobubbles or a mixture thereof.

18. The method of claim 17, wherein the nanogas solution is a nitrogen-nanogas
solution.
19. The method of claim 17, wherein the viscosity of oil in the tailings is reduced as

an effect of the addition of the nanogas solution.

20. The method of claim 17 further comprising admixing an oxygen-nanogas solution

with the oil sands tailings; and oxidizing a sulfide.

21. The method of claim 17 further comprising admixing the nanogas solution with

the tailings and then adding the admixture to a tailings pond.

22. The method of claim 17, wherein admixing the nanogas solution and the tailings

includes subsurface injection of the nanogas solution into tailings held in a tailings pond.
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23. A method comprising:
admixing an oxygen-nanogas solution or an ON-nanogas solution with an
aqueous solution that includes hydrogen sulfide; and

oxidizing the hydrogen sulfide.

24. A method comprising:

admixing an oxygen-nanogas solution or an ON-nanogas solution with a slurry of
iron sulfide and water; and

oxidizing the iron sulfide to iron oxide.
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c. |:] furnished subsequent to the international filing date for the purposes of international search only:
EI in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

E] on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713).

4. I___] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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1.  Statement

Novelty (N) Claims 1-24 YES
Claims None NO

Inventive step (IS) Claims 1-16, 19, 21, 22 YES
Claims 17, 18, 20, 23, 24 NO

Industrial applicability (1A) Claims 1-24 YES
Claims None NO

2. Citations and explanations:

Claims 17 and 18 lack an inventive step under PCT Article 33(3) as being obvious over Moffett in view of Leung.

Regarding Claim 17, Moffett discloses a method (Abstract) comprising: admixing a gas solution with oil sands tailings (Paras. [0041)
through [0046], In the extraction step (b), the oil sands ore, microgel and water are mixed and optionally contacted with air, generally in the
form of air bubbles, in a reaction vessel or in a transport line...the (first) froth comprises bitumen that has floated to the top of the slurry,
and also comprises clay fines...the middle layer is a diluted portion of the slurry comprising bitumen that did not float to the top and sand
and clay fines that did not settle to the bottom, and is referred to as middlings..removed middlings may be further processed by contacting
with air as air bubbles or passing through one or more air flotation cells, where air bubbles enhance separation of the bitumen droplets
from the solids (sand and clay fines) and water of the middlings, producing a (second) froth; the middlings are oil sand tailings as they are
the remaining slurry from oil sands after bitumen is removed); separating materials including siits, and residual bitumen from water in the
oil sands tailings (Paras. [0041] through [0046], The second froth may be recovered e.g., from the air flotation cell(s), and may be
combined with a first froth...after forming the second froth, the remainder of the slurry is permitted to separate in the reaction vessel or is
transferred to a separating vessel. The majority of the sand and clay fines settle to the bottom of the slurry forming a bottom layer, referred
to as a fine tailings, which comprise less sand and more fines than coarse tailings. A middle layer may also form in the slurry. Both the
middle and bottom layers may be combined and treated downstream in a dewatering step as fine tailings; the mixture of sand and clay
fines inherently includes silt, as silt has a fineness between sand and clay); wherein the gas solution includes nitrogen bubbles, oxygen
bubbles, carbon dioxide bubbles or a mixture thereof (Paras. {004 1] through [0046]; air is inherently a mix of nitrogen and oxygen, among
other gases), but fails to explicitly disclose wherein the gas solution is a nanogas solution; wherein organic compounds are separated from
water in the oil sands tailings; or wherein the nanogas solution includes nitrogen nanobubbles, oxygen nanobubbles, carbon dioxide
nanobubbles or a mixture thereof. However, Leung is in the field of separating bitumen from an oil sands slurry (Leung Title) and teaches
a nanogas solution (Leung Col. 4 Lns. 17-37, The improvement comprises injecting microbubbles of air into said diluted aqueous slurry
after conditioning and prior to the introduction thereof into the primary separation vessel to thereby increase the recovery of primary
froth...; Col. 3 Lns. 49-65, Typically, the diameter of these ‘microbubbles’ is of the order of less than about 100 um), the nanogas solution
including nitrogen nancbublles, uxygen nanobubbles, carbon dioxide nanobubbles or a mixture thereof (Leung Col. 4 Lns. 17-37; Col. 3
Lns. 49-65; air is inherently a mix of nitrogen and oxygen, among other gases), and separating organic compounds from a solution (Leung
Col. 4 Lns. 17-37, ...primary froth...; Col. 2 Lns. 36 and 37, Primary froth typically has a hydrocarbon content in excess of 60% wt). it would
have been obvious to one of ordinary skill in the art at the time of the invention to modify the gas solution in the method of Moffett to be a
nanogas solution, the nanogas solution including nitrogen nanobubbles, oxygen nanobubbles, carbon dioxide nanobubbles or a mixture
thereof as taught by Leung; or to modify the step of separating materials from water in the oil sands tailing in the method of Moffett so that
organic compounds are separated from water in the oil sands tailings as taught by Leung. The motivation would have been that nanogas
solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of bitumen and other
hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65); and removing organic compounds such as other hydrocarbons
in addition to bitumen will increase the yield of valuable hydrocarbons, thereby increasing the profitability of the method.

Regarding Claim 18, modified Moffett discloses the method of claim 17. Moffett further discloses wherein the gas solution is a nitrogen gas
solution ((Paras. [0041] through [0046}); air is inherently a mix of nitrogen and oxygen, among other gases), but fails to explicitly disclose
wherein gas solution is a nanogas solution that is a nitrogen-nanogas solution. However, Leung teaches a nanogas solution that is a
nitrogen-nanogas solution {(Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65; air is inherently a mix of nitrogen and oxygen, among other gases).
It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the gas solution that is a nitrogen gas
solution in the method of Moffett to be a nanogas solution that is a nitrogen-nanogas solution as taught by Leung. The motivation would
have been that nanogas solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of
bitumen and other hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65).
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Claim 20 lacks an inventive step under PCT Article 33(3) as being obvious over Moffett in view of Leung and Barber.

Regarding Claim 20, modified Moffett discloses the method of claim 17. Moffett further discloses admixing an oxygen-gas solution with
the oil sands tailings (Paras. [0041] through [0046), In the extraction step (b), the oil sands ore, microgel and water are mixed and
optionally contacted with air, generally in the form of air bubbles, in a reaction vessel or in a transport line...the (first) froth comprises
bitumen that has floated to the top of the slurry, and also comprises clay fines...the middle layer is a diluted portion of the slurry
comprising bitumen that did not float to the top and sand and clay fines that did not settle to the bottom, and is referred to as
middlings..removed middlings may be further processed by contacting with air as air bubbles or passing through one or more air flotation
cells, where air bubbles enhance separation of the bitumen droplets from the solids (sand and clay fines) and water of the middlings,
producing a (second) froth; the middlings are oil sand tailings as they are the remaining sturry from oil sands after bitumen is removed;
air is inherently a mix of nitrogen and oxygen, among other gases), but fails to explicitly disclose wherein the oxygen-gas is an
oxygen-nanogas; or oxidizing a sulfide. However, Leung is in the field of separating bitumen from an oil sands slurry (Leung Title) and
teaches an oxygen-nanogas (Leung Col. 4 Lns. 17-37, The improvement comprises injecting microbubbles of air into said diluted
aqueous slurry after conditioning and prior to the introduction thereof into the primary separation vessel to thereby increase the recovery
of primary froth...; Col. 3 Lns. 49-65, Typically, the diameter of these ‘microbubbles’ is of the order of less than about 100 pym; air is
inherently a mix of nitrogen and oxygen, among other gases). It would have been obvious to one of ordinary skill in the art at the time of
the invention to modify the oxygen-gas in the method of Moffett to be an oxygen-nanogas as taught by Leung. The motivation would
have been that nanogas solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of
bitumen and other hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65). Further, Barber is in the field of oil recovery
(Barber Abstract) and teaches oxidizing a sulfide (Barber Col. 2 Lns. 44-59; Col. 4 Lns. 16-20, The oxygen to be used to react with the
hydrogen sulfide may be pure or contain an otherwise inert gas. Air for example, would be a suitable source of oxygen. The oxygen
should be present in such concentrations so that there is an amount in excess of that needed to convert hydrogen sulfide to elemental
sulfur). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the method of Moffett to
comprise oxidizing a sulfide as taught by Barber. The motivation would have been that remove hydrogen sulfide, which is an oil
contaminant, from an oil-containing stream (Barber Col. 2 Lns. 44-59; Col. 4 Lns. 16-20).

Claim 23 lacks an inventive step under PCT Article 33(3) as being obvious over Barber in view of Daging Xinyu Technology (hereinafter
Daging).

Regarding Claim 23, Barber discloses a method (Abstract) comprising: admixing an oxygen-gas solution or an ON-gas solution with an
aqueous solution that includes hydrogen sulfide (Col. 2 Lns. 44-59; Col. 4 Lns. 16-20, The oxygen to be used to react with the hydrogen
sulfide may be pure or contain an otherwise inert gas. Air for example, would be a suitable source of oxygen. The oxygen should be
present in such concentrations so that there is an amount in excess of that needed to convert hydrogen sulfide to elemental suffur; Col. 2
Lns. 15-41, Further, my invention...air containing oxygen is pumped through a plurality of openings in the bottom of the reactor which
finely divide the air into small bubbles. The air is dissolved in the water by absorption); and oxidizing the hydrogen sulfide (Col. 2 Lns.
44-59; Col. 4 Lns. 16-20), but fails to explicitly disclose wherein the oxygen-gas solution or ON-gas solution is an oxygen-nanogas
solution or an ON-nanogas solution. However, Daging is in the field of water purification (Daqing Abstract) and teaches an
oxygen-nanogas solution (Daging Abstract, The micro nano bubble generator...oxidation desulfurising treatment on oily sewage...is
realized based on improving the air floatation oil by using different air source types; Pg. 3 in 2nd Para., ...bubble creation 10
pm-300nm...; Pg. 3 in 4th Para., By using different gas sources on the basis of the kind to...enabling the oxidation of the oily sewage
sulfur removal processing...). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the
oxygen-gas solution or ON-gas solution in the method of Barber to be an oxygen-nanogas solution as taught by Daging. The motivation
would have been that oxygen-nanogas solution can be used to oxidize sulfur-containing compounds (Daqing Abstract, ...oxidation
desulfurising...; Pg. 3 in 2nd Para.; Pg. 3 in 4th Para.).

Claim 24 lacks an inventive step under PCT Article 33(3) as being obvious over Walker et al. (hereinafter Walker) in view of Daging
Xinyu Technology (hereinafter Daqing).

Regarding Claim 24, Walker discloses a method (Col. 1 Lns. 1-17) comprising: admixing an oxygen-gas solution or an ON-gas solution
with a slurry of iron sulfide and water (Col. 1 Lns. 1-17, ...which subsequently reacts with the iron compound to form an insoluble iron
sulphide with regeneration of soluble alkali, the suspension of iron sulphide in regenerated alkali being then re-oxidized with air with
liberation of elementary sulphur and regeneration of active iron compound; Col. 5 Ln. 72 through Col. 6 Ln. 13, We have also found it
preferable to oxidise the iron sulphide by the introduction of very finely divided air bubbles at the bottom of a tower up which the
suspension to be oxidised is flowing...; Claim 1, ...a single aqueous carbonated alkaline suspension of an iron compound selected from a
class consisting of hydrated iron oxide, iron carbonate and basic carbonate of iron...); and oxidizing the iron sulfide to iron oxide (Col. 1
Lns. 1-17; Col. 5 Ln. 72 through Col. 6 Ln. 13; Claim 1), but fails to explicitly disclose wherein the oxygen-gas solution or ON-gas solution
is an oxygen-nanogas solution or an ON-nanogas solution. However, Daqing is in the field of water purification (Daging Abstract) and
teaches an oxygen-nanogas solution (Daging Abstract, The micro nano bubble generator...oxidation desulfurising treatment on oily
sewage...is realized based on improving the air floatation oil by using different air source types; Pg. 3 in 2nd Para., ...bubble creation 10
pm-300nm...; Pg. 3 in 4th Para., By using different gas sources on the basis of the kind to...enabling the oxidation of the oily sewage
sulfur removal processing...). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the
oxygen-gas solution or ON-gas solution in the method of Barber to be an oxygen-nanogas solution as taught by Daging. The motivation
would have been that oxygen-nanogas solution can be used to oxidize sulfur-containing compounds (Daging Abstract, ...oxidation
desulfurising...; Pg. 3 in 2nd Para.; Pg. 3 in 4th Para.).
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Claims 1-16, 19, 21, and 22 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest:

Regardiny claim 1, the prior art of record, indwidually or in combination, does not teach or fairly suggest a process comprising: shearing
a first nanogas solution into an oil-in-water micro emulsion; breaking the oil-in-water micro emulsion and forming a water-in-oil macro
emulsion, a water phase, and a solids phase, where the water-in-oil macro emulsion is carried on the water phase; and collecting oil from
the water-in-oil macro emulsion; wherein the nanogas solution consists essentially of a homogeneous mixture of nanobubbles and water.

Claims 2-14 depend from claim 1, and therefore meet the criteria set out in PCT Article 33(2)-(3) for at least the same reasons as claim
1.

Regarding claim 15, the prior art of record, individually or in combination, does not teach or fairly suggest a process comprising: providing
a floatation tank having an inlet end and an outlet end; the floatation tank including an oil-in-water emulsion inlet and a first nanogas inlet,
both, proximal to the inlet end, and having an underflow baffle proximal to the outlet end; providing an oil-in-water emulsion to the
floatation tank via the oil-in-water emulsion inlet; providing a nanogas solution to the floatation tank via the first nanogas inlet by injecting
a stream of a nanogas solution into a flow path of the oil-in-water emulsion at a direction that is 90° to 180° from the flow path, preferably
115° to 180°, more preferably 135° to 180°, thereby admixing the nanogas solution with the oil-in-water emulsion without the formation of
macrobubbles; breaking the oil-in-water emulsion and forming an oil phase floating on a water phase; separating the water phase from
the oil phase by carrying the water phase under the underflow baffle.

Claim 16 depends from claim 15, and therefore meets the criteria set out in PCT Article 33(2)-(3) for at least the same reasons as claim
15.

Regarding claim 19, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17,
wherein the viscosity of oil in the tailings is reduced as an effect of the addition of the nanocgas solution.

Regarding claim 21, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17 further
comprising admixing the nanogas solution with the tailings and then adding the admixture to a tailings pond.

Regarding claim 22, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17,
wherein admixing the nanogas solution and the tailings includes subsurface injection of the nanogas solution into tailings held in a
tailings pond.
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The following prior art is made of record to support and further define the reasons for meeting the criteria set out in PCT Article 33(2)-(3)
for base claims 1, 15, 19, 21, and 22:

(i) Febres et al. disclose a process (Abstract) comprising: providing a floatation tank having an inlet end and an outlet end (Col. 3Ln. 26
through Col. 4 Ln. 62, System 10 also includes tank 20 as described above preferably having three compartments, specifically a
receiving compartment 34, a flotation compartment 36 and a separation compartment 38...flotation compartment 36 preferably is
communicated with receiving compartment 34 through a divider 40 having an upper cutout 42 and a lower cutout 44, separation
compartment 38 is preferably communicated with flotation compartment 36 by a divider 54 also preferably including upper and lower
cutouts 42, 44; see Fig. 1 at system flotation compartment 36 communicating with receiving compartment 34 and separation
compartment 38 via cutouts 42, 44); the floatation tank including an oil-in-water emulsion and gas inlet (Col. 2 Lns. 31-57, ...system 10is
preferably positioned with liquid inlet 16 positioned to draw in a stream of recovered material including the oil in water emulsion...the
stream of recovered material is subjected to the introduction of air and shearing conditions so as to disperse bubbles of air or other
suitable gas throughout the mixture...; Col. 3 Ln. 26 through Col. 4 Ln. 62, The air liquid mixture of receiving compartment 34 passes
through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air bubbles is allowed to float toward the surface
of liquid in flotation compartment 36; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving
compartment 34), proximal to the inlet end (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and
gas bubbles entering flotation compartment 36 from receiving compartment 34); providing an oil-in-water emulsion to the floatation

tank (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation
compartment 36 from receiving compartment 34); providing a gas solution to the floatation tank (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through
Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving compartment 34),
thereby admixing the gas solution with the oil-in-water emulsion (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at
oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving compartment 34); breaking the oil-in-water
emulsion and forming an oil phase floating on a water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively short
residence time in flotation compartment 36 results in significant separation of oil through flotation to the surface...; see Fig. 1 at oil phase
floating on water phase); separating the water phase from the oil phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62,
Conventional skimming equipment 50 is preferably used to skim off top layer 46 of oil for further treatment or storage as desired, while
outlet pipe 52 can be used to return the substantially cleansed water to the environment); and a process (Abstract) comprising: shearing
a first gas solution into an oil-in-water emulsion (Col. 2 Lns. 31-57, ...system 10 is preferably positioned with liquid inlet 16 positioned to
draw in a stream of recovered material including the oil in water emulsion...the stream of recovered material is subjected to the
introduction of air and shearing conditions so as to disperse bubbles of air or other suitable gas throughout the mixture..); breaking the
oil-in-water emulsion (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively short residence time in flotation compartment
36 results in significant separation of oil through flotation to the surface...the air liquid mixture of receiving compartment 34 passes
through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air bubbles is allowed to float toward the surface
of liquid in flotation compartment 36...) and forming a water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively
short residence time in flotation compartment 36 results in significant separation of oil through flotation to the surface...the air liquid
mixture of receiving compartment 34 passes through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air
bubbles is allowed to float toward the surface of liquid in flotation compartment 36...; see Fig. 1 at oil phase floating on water phase),
where oil is carried on the water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil phase floating on water
phase); and collecting oil (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, Conventional skimming equipment 50 is preferably used
to skim off top layer 46 of oil for further treatment or storage as desired, while outlet pipe 52 can be used to return the substantially
cleansed water to the environment). However, Febres et al. fail to fairly teach or suggest, either alone or in combination with the art,
wherein the process comprises an oil-in-water emulsion inletand a first nanogas inlet, both, proximal to the inlet end; an underflow baffle
proximal to the outlet end; providing an oil-in-water emulsion to the floatation tank via the oil-in-water emulsion inlet; providing a nanogas
solution to the floatation tank via the first nanogas inlet by injecting a stream of a nanogas solution into a flow path of the oil-in-water
emulsion at a direction that is 90° to 180° from the flow path, preferably 115° to 180°, more preferably 135° to 180°, thereby admixing the
nanogas solution with the oil-in-water emulsion without the formation of macrobubbles; separating the water phase from the cil phase by
carrying the water phase under the underflow baffle; wherein the gas solution is a nanogas solution; wherein the oil-in-water emulsion is
an oil-in-water micro emulsion; breaking the oii-in-water micro emulsion and forming a water-in-oil macro emulsion and a solids phase,
where the water-in-oil macro emulsion is carried on the water phase; collecting oil from the water-in-cil macro emulsion; or wherein the
nanogas solution consists essentially of a homogeneous mixture of nanobubbles and water.

(i) Moffett discloses oil in the tailings (Paras. [0041] through [0046], In the extraction step (b), the oil sands ore, microgel and water are
mixed and optionally contacted with air, generally in the form of air bubbles, in a reaction vessel or in a transport line...the (first) froth
comprises bitumen that has floated to the top of the slurry, and also comprises clay fines...the middle layer is a diluted portion of the
slurry comprising bitumen that did not float to the top and sand and clay fines that did not settle to the bottom, and is referred to as
middlings..removed middlings may be further processed by contacting with air as air bubbles or passing through one or more air flotation
cells, where air bubbles enhance separation of the bitumen droplets from the solids (sand and clay fines) and water of the middlings,
producing a (second) froth; the middlings are oil sand tailings as they are the remaining slurry from oil sands after bitumen is removed;
the tailings comprise bitumen), addition of a gas solution (Paras. [0041] through [0046]), and admixing of a gas solution and the tailings
(Paras. [0041] through [0046]). However, Moffett fails to fairly teach or suggest, either alone or in combination with the art, wherein the
viscosity of oil in the tailings is reduced as an effect of the addition of a nanogas solution; admixing a nanogas solution with the tailings
and then adding the admixture to a tailings pond; or wherein admixing a nanogas solution and the tailings includes subsurface injection
of the nanogas solution into tailings held in a tailings pond.

Claims 1-24 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry.
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1. With regard to the language, this opinion has been established on the basis of:
z] the international application in the language in which it was filed.
D a translation of the international application into which is the language of a translation

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43bis.1(a)).

3. I:] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
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a. D forming part of the international application as filed:
I:I in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. I:] furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.
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EI in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

E] on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713).

4. I___] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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1.  Statement

Novelty (N) Claims 1-24 YES
Claims None NO

Inventive step (IS) Claims 1-16, 19, 21, 22 YES
Claims 17, 18, 20, 23, 24 NO

Industrial applicability (1A) Claims 1-24 YES
Claims None NO

2. Citations and explanations:

Claims 17 and 18 lack an inventive step under PCT Article 33(3) as being obvious over Moffett in view of Leung.

Regarding Claim 17, Moffett discloses a method (Abstract) comprising: admixing a gas solution with oil sands tailings (Paras. [0041)
through [0046], In the extraction step (b), the oil sands ore, microgel and water are mixed and optionally contacted with air, generally in the
form of air bubbles, in a reaction vessel or in a transport line...the (first) froth comprises bitumen that has floated to the top of the slurry,
and also comprises clay fines...the middle layer is a diluted portion of the slurry comprising bitumen that did not float to the top and sand
and clay fines that did not settle to the bottom, and is referred to as middlings..removed middlings may be further processed by contacting
with air as air bubbles or passing through one or more air flotation cells, where air bubbles enhance separation of the bitumen droplets
from the solids (sand and clay fines) and water of the middlings, producing a (second) froth; the middlings are oil sand tailings as they are
the remaining slurry from oil sands after bitumen is removed); separating materials including siits, and residual bitumen from water in the
oil sands tailings (Paras. [0041] through [0046], The second froth may be recovered e.g., from the air flotation cell(s), and may be
combined with a first froth...after forming the second froth, the remainder of the slurry is permitted to separate in the reaction vessel or is
transferred to a separating vessel. The majority of the sand and clay fines settle to the bottom of the slurry forming a bottom layer, referred
to as a fine tailings, which comprise less sand and more fines than coarse tailings. A middle layer may also form in the slurry. Both the
middle and bottom layers may be combined and treated downstream in a dewatering step as fine tailings; the mixture of sand and clay
fines inherently includes silt, as silt has a fineness between sand and clay); wherein the gas solution includes nitrogen bubbles, oxygen
bubbles, carbon dioxide bubbles or a mixture thereof (Paras. {004 1] through [0046]; air is inherently a mix of nitrogen and oxygen, among
other gases), but fails to explicitly disclose wherein the gas solution is a nanogas solution; wherein organic compounds are separated from
water in the oil sands tailings; or wherein the nanogas solution includes nitrogen nanobubbles, oxygen nanobubbles, carbon dioxide
nanobubbles or a mixture thereof. However, Leung is in the field of separating bitumen from an oil sands slurry (Leung Title) and teaches
a nanogas solution (Leung Col. 4 Lns. 17-37, The improvement comprises injecting microbubbles of air into said diluted aqueous slurry
after conditioning and prior to the introduction thereof into the primary separation vessel to thereby increase the recovery of primary
froth...; Col. 3 Lns. 49-65, Typically, the diameter of these ‘microbubbles’ is of the order of less than about 100 um), the nanogas solution
including nitrogen nancbublles, uxygen nanobubbles, carbon dioxide nanobubbles or a mixture thereof (Leung Col. 4 Lns. 17-37; Col. 3
Lns. 49-65; air is inherently a mix of nitrogen and oxygen, among other gases), and separating organic compounds from a solution (Leung
Col. 4 Lns. 17-37, ...primary froth...; Col. 2 Lns. 36 and 37, Primary froth typically has a hydrocarbon content in excess of 60% wt). it would
have been obvious to one of ordinary skill in the art at the time of the invention to modify the gas solution in the method of Moffett to be a
nanogas solution, the nanogas solution including nitrogen nanobubbles, oxygen nanobubbles, carbon dioxide nanobubbles or a mixture
thereof as taught by Leung; or to modify the step of separating materials from water in the oil sands tailing in the method of Moffett so that
organic compounds are separated from water in the oil sands tailings as taught by Leung. The motivation would have been that nanogas
solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of bitumen and other
hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65); and removing organic compounds such as other hydrocarbons
in addition to bitumen will increase the yield of valuable hydrocarbons, thereby increasing the profitability of the method.

Regarding Claim 18, modified Moffett discloses the method of claim 17. Moffett further discloses wherein the gas solution is a nitrogen gas
solution ((Paras. [0041] through [0046}); air is inherently a mix of nitrogen and oxygen, among other gases), but fails to explicitly disclose
wherein gas solution is a nanogas solution that is a nitrogen-nanogas solution. However, Leung teaches a nanogas solution that is a
nitrogen-nanogas solution {(Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65; air is inherently a mix of nitrogen and oxygen, among other gases).
It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the gas solution that is a nitrogen gas
solution in the method of Moffett to be a nanogas solution that is a nitrogen-nanogas solution as taught by Leung. The motivation would
have been that nanogas solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of
bitumen and other hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65).
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Claim 20 lacks an inventive step under PCT Article 33(3) as being obvious over Moffett in view of Leung and Barber.

Regarding Claim 20, modified Moffett discloses the method of claim 17. Moffett further discloses admixing an oxygen-gas solution with
the oil sands tailings (Paras. [0041] through [0046), In the extraction step (b), the oil sands ore, microgel and water are mixed and
optionally contacted with air, generally in the form of air bubbles, in a reaction vessel or in a transport line...the (first) froth comprises
bitumen that has floated to the top of the slurry, and also comprises clay fines...the middle layer is a diluted portion of the slurry
comprising bitumen that did not float to the top and sand and clay fines that did not settle to the bottom, and is referred to as
middlings..removed middlings may be further processed by contacting with air as air bubbles or passing through one or more air flotation
cells, where air bubbles enhance separation of the bitumen droplets from the solids (sand and clay fines) and water of the middlings,
producing a (second) froth; the middlings are oil sand tailings as they are the remaining sturry from oil sands after bitumen is removed;
air is inherently a mix of nitrogen and oxygen, among other gases), but fails to explicitly disclose wherein the oxygen-gas is an
oxygen-nanogas; or oxidizing a sulfide. However, Leung is in the field of separating bitumen from an oil sands slurry (Leung Title) and
teaches an oxygen-nanogas (Leung Col. 4 Lns. 17-37, The improvement comprises injecting microbubbles of air into said diluted
aqueous slurry after conditioning and prior to the introduction thereof into the primary separation vessel to thereby increase the recovery
of primary froth...; Col. 3 Lns. 49-65, Typically, the diameter of these ‘microbubbles’ is of the order of less than about 100 pym; air is
inherently a mix of nitrogen and oxygen, among other gases). It would have been obvious to one of ordinary skill in the art at the time of
the invention to modify the oxygen-gas in the method of Moffett to be an oxygen-nanogas as taught by Leung. The motivation would
have been that nanogas solutions comprising oxygen nanobubbles and nitrogen nanobubbles can be used to enhance recovery of
bitumen and other hydrocarbons from oil sands (Leung Col. 4 Lns. 17-37; Col. 3 Lns. 49-65). Further, Barber is in the field of oil recovery
(Barber Abstract) and teaches oxidizing a sulfide (Barber Col. 2 Lns. 44-59; Col. 4 Lns. 16-20, The oxygen to be used to react with the
hydrogen sulfide may be pure or contain an otherwise inert gas. Air for example, would be a suitable source of oxygen. The oxygen
should be present in such concentrations so that there is an amount in excess of that needed to convert hydrogen sulfide to elemental
sulfur). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the method of Moffett to
comprise oxidizing a sulfide as taught by Barber. The motivation would have been that remove hydrogen sulfide, which is an oil
contaminant, from an oil-containing stream (Barber Col. 2 Lns. 44-59; Col. 4 Lns. 16-20).

Claim 23 lacks an inventive step under PCT Article 33(3) as being obvious over Barber in view of Daging Xinyu Technology (hereinafter
Daging).

Regarding Claim 23, Barber discloses a method (Abstract) comprising: admixing an oxygen-gas solution or an ON-gas solution with an
aqueous solution that includes hydrogen sulfide (Col. 2 Lns. 44-59; Col. 4 Lns. 16-20, The oxygen to be used to react with the hydrogen
sulfide may be pure or contain an otherwise inert gas. Air for example, would be a suitable source of oxygen. The oxygen should be
present in such concentrations so that there is an amount in excess of that needed to convert hydrogen sulfide to elemental suffur; Col. 2
Lns. 15-41, Further, my invention...air containing oxygen is pumped through a plurality of openings in the bottom of the reactor which
finely divide the air into small bubbles. The air is dissolved in the water by absorption); and oxidizing the hydrogen sulfide (Col. 2 Lns.
44-59; Col. 4 Lns. 16-20), but fails to explicitly disclose wherein the oxygen-gas solution or ON-gas solution is an oxygen-nanogas
solution or an ON-nanogas solution. However, Daging is in the field of water purification (Daqing Abstract) and teaches an
oxygen-nanogas solution (Daging Abstract, The micro nano bubble generator...oxidation desulfurising treatment on oily sewage...is
realized based on improving the air floatation oil by using different air source types; Pg. 3 in 2nd Para., ...bubble creation 10
pm-300nm...; Pg. 3 in 4th Para., By using different gas sources on the basis of the kind to...enabling the oxidation of the oily sewage
sulfur removal processing...). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the
oxygen-gas solution or ON-gas solution in the method of Barber to be an oxygen-nanogas solution as taught by Daging. The motivation
would have been that oxygen-nanogas solution can be used to oxidize sulfur-containing compounds (Daqing Abstract, ...oxidation
desulfurising...; Pg. 3 in 2nd Para.; Pg. 3 in 4th Para.).

Claim 24 lacks an inventive step under PCT Article 33(3) as being obvious over Walker et al. (hereinafter Walker) in view of Daging
Xinyu Technology (hereinafter Daqing).

Regarding Claim 24, Walker discloses a method (Col. 1 Lns. 1-17) comprising: admixing an oxygen-gas solution or an ON-gas solution
with a slurry of iron sulfide and water (Col. 1 Lns. 1-17, ...which subsequently reacts with the iron compound to form an insoluble iron
sulphide with regeneration of soluble alkali, the suspension of iron sulphide in regenerated alkali being then re-oxidized with air with
liberation of elementary sulphur and regeneration of active iron compound; Col. 5 Ln. 72 through Col. 6 Ln. 13, We have also found it
preferable to oxidise the iron sulphide by the introduction of very finely divided air bubbles at the bottom of a tower up which the
suspension to be oxidised is flowing...; Claim 1, ...a single aqueous carbonated alkaline suspension of an iron compound selected from a
class consisting of hydrated iron oxide, iron carbonate and basic carbonate of iron...); and oxidizing the iron sulfide to iron oxide (Col. 1
Lns. 1-17; Col. 5 Ln. 72 through Col. 6 Ln. 13; Claim 1), but fails to explicitly disclose wherein the oxygen-gas solution or ON-gas solution
is an oxygen-nanogas solution or an ON-nanogas solution. However, Daqing is in the field of water purification (Daging Abstract) and
teaches an oxygen-nanogas solution (Daging Abstract, The micro nano bubble generator...oxidation desulfurising treatment on oily
sewage...is realized based on improving the air floatation oil by using different air source types; Pg. 3 in 2nd Para., ...bubble creation 10
pm-300nm...; Pg. 3 in 4th Para., By using different gas sources on the basis of the kind to...enabling the oxidation of the oily sewage
sulfur removal processing...). It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the
oxygen-gas solution or ON-gas solution in the method of Barber to be an oxygen-nanogas solution as taught by Daging. The motivation
would have been that oxygen-nanogas solution can be used to oxidize sulfur-containing compounds (Daging Abstract, ...oxidation
desulfurising...; Pg. 3 in 2nd Para.; Pg. 3 in 4th Para.).
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Claims 1-16, 19, 21, and 22 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest:

Regardiny claim 1, the prior art of record, indwidually or in combination, does not teach or fairly suggest a process comprising: shearing
a first nanogas solution into an oil-in-water micro emulsion; breaking the oil-in-water micro emulsion and forming a water-in-oil macro
emulsion, a water phase, and a solids phase, where the water-in-oil macro emulsion is carried on the water phase; and collecting oil from
the water-in-oil macro emulsion; wherein the nanogas solution consists essentially of a homogeneous mixture of nanobubbles and water.

Claims 2-14 depend from claim 1, and therefore meet the criteria set out in PCT Article 33(2)-(3) for at least the same reasons as claim
1.

Regarding claim 15, the prior art of record, individually or in combination, does not teach or fairly suggest a process comprising: providing
a floatation tank having an inlet end and an outlet end; the floatation tank including an oil-in-water emulsion inlet and a first nanogas inlet,
both, proximal to the inlet end, and having an underflow baffle proximal to the outlet end; providing an oil-in-water emulsion to the
floatation tank via the oil-in-water emulsion inlet; providing a nanogas solution to the floatation tank via the first nanogas inlet by injecting
a stream of a nanogas solution into a flow path of the oil-in-water emulsion at a direction that is 90° to 180° from the flow path, preferably
115° to 180°, more preferably 135° to 180°, thereby admixing the nanogas solution with the oil-in-water emulsion without the formation of
macrobubbles; breaking the oil-in-water emulsion and forming an oil phase floating on a water phase; separating the water phase from
the oil phase by carrying the water phase under the underflow baffle.

Claim 16 depends from claim 15, and therefore meets the criteria set out in PCT Article 33(2)-(3) for at least the same reasons as claim
15.

Regarding claim 19, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17,
wherein the viscosity of oil in the tailings is reduced as an effect of the addition of the nanocgas solution.

Regarding claim 21, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17 further
comprising admixing the nanogas solution with the tailings and then adding the admixture to a tailings pond.

Regarding claim 22, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 17,
wherein admixing the nanogas solution and the tailings includes subsurface injection of the nanogas solution into tailings held in a
tailings pond.
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The following prior art is made of record to support and further define the reasons for meeting the criteria set out in PCT Article 33(2)-(3)
for base claims 1, 15, 19, 21, and 22:

(i) Febres et al. disclose a process (Abstract) comprising: providing a floatation tank having an inlet end and an outlet end (Col. 3Ln. 26
through Col. 4 Ln. 62, System 10 also includes tank 20 as described above preferably having three compartments, specifically a
receiving compartment 34, a flotation compartment 36 and a separation compartment 38...flotation compartment 36 preferably is
communicated with receiving compartment 34 through a divider 40 having an upper cutout 42 and a lower cutout 44, separation
compartment 38 is preferably communicated with flotation compartment 36 by a divider 54 also preferably including upper and lower
cutouts 42, 44; see Fig. 1 at system flotation compartment 36 communicating with receiving compartment 34 and separation
compartment 38 via cutouts 42, 44); the floatation tank including an oil-in-water emulsion and gas inlet (Col. 2 Lns. 31-57, ...system 10is
preferably positioned with liquid inlet 16 positioned to draw in a stream of recovered material including the oil in water emulsion...the
stream of recovered material is subjected to the introduction of air and shearing conditions so as to disperse bubbles of air or other
suitable gas throughout the mixture...; Col. 3 Ln. 26 through Col. 4 Ln. 62, The air liquid mixture of receiving compartment 34 passes
through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air bubbles is allowed to float toward the surface
of liquid in flotation compartment 36; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving
compartment 34), proximal to the inlet end (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and
gas bubbles entering flotation compartment 36 from receiving compartment 34); providing an oil-in-water emulsion to the floatation

tank (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation
compartment 36 from receiving compartment 34); providing a gas solution to the floatation tank (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through
Col. 4 Ln. 62; see Fig. 1 at oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving compartment 34),
thereby admixing the gas solution with the oil-in-water emulsion (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at
oil-in-water emulsion and gas bubbles entering flotation compartment 36 from receiving compartment 34); breaking the oil-in-water
emulsion and forming an oil phase floating on a water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively short
residence time in flotation compartment 36 results in significant separation of oil through flotation to the surface...; see Fig. 1 at oil phase
floating on water phase); separating the water phase from the oil phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62,
Conventional skimming equipment 50 is preferably used to skim off top layer 46 of oil for further treatment or storage as desired, while
outlet pipe 52 can be used to return the substantially cleansed water to the environment); and a process (Abstract) comprising: shearing
a first gas solution into an oil-in-water emulsion (Col. 2 Lns. 31-57, ...system 10 is preferably positioned with liquid inlet 16 positioned to
draw in a stream of recovered material including the oil in water emulsion...the stream of recovered material is subjected to the
introduction of air and shearing conditions so as to disperse bubbles of air or other suitable gas throughout the mixture..); breaking the
oil-in-water emulsion (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively short residence time in flotation compartment
36 results in significant separation of oil through flotation to the surface...the air liquid mixture of receiving compartment 34 passes
through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air bubbles is allowed to float toward the surface
of liquid in flotation compartment 36...) and forming a water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, ...a relatively
short residence time in flotation compartment 36 results in significant separation of oil through flotation to the surface...the air liquid
mixture of receiving compartment 34 passes through upper and lower cutout 42, 44 to flotation compartment 36, where oil adhered to air
bubbles is allowed to float toward the surface of liquid in flotation compartment 36...; see Fig. 1 at oil phase floating on water phase),
where oil is carried on the water phase (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62; see Fig. 1 at oil phase floating on water
phase); and collecting oil (Col. 2 Lns. 31-57; Col. 3 Ln. 26 through Col. 4 Ln. 62, Conventional skimming equipment 50 is preferably used
to skim off top layer 46 of oil for further treatment or storage as desired, while outlet pipe 52 can be used to return the substantially
cleansed water to the environment). However, Febres et al. fail to fairly teach or suggest, either alone or in combination with the art,
wherein the process comprises an oil-in-water emulsion inletand a first nanogas inlet, both, proximal to the inlet end; an underflow baffle
proximal to the outlet end; providing an oil-in-water emulsion to the floatation tank via the oil-in-water emulsion inlet; providing a nanogas
solution to the floatation tank via the first nanogas inlet by injecting a stream of a nanogas solution into a flow path of the oil-in-water
emulsion at a direction that is 90° to 180° from the flow path, preferably 115° to 180°, more preferably 135° to 180°, thereby admixing the
nanogas solution with the oil-in-water emulsion without the formation of macrobubbles; separating the water phase from the cil phase by
carrying the water phase under the underflow baffle; wherein the gas solution is a nanogas solution; wherein the oil-in-water emulsion is
an oil-in-water micro emulsion; breaking the oii-in-water micro emulsion and forming a water-in-oil macro emulsion and a solids phase,
where the water-in-oil macro emulsion is carried on the water phase; collecting oil from the water-in-cil macro emulsion; or wherein the
nanogas solution consists essentially of a homogeneous mixture of nanobubbles and water.

(i) Moffett discloses oil in the tailings (Paras. [0041] through [0046], In the extraction step (b), the oil sands ore, microgel and water are
mixed and optionally contacted with air, generally in the form of air bubbles, in a reaction vessel or in a transport line...the (first) froth
comprises bitumen that has floated to the top of the slurry, and also comprises clay fines...the middle layer is a diluted portion of the
slurry comprising bitumen that did not float to the top and sand and clay fines that did not settle to the bottom, and is referred to as
middlings..removed middlings may be further processed by contacting with air as air bubbles or passing through one or more air flotation
cells, where air bubbles enhance separation of the bitumen droplets from the solids (sand and clay fines) and water of the middlings,
producing a (second) froth; the middlings are oil sand tailings as they are the remaining slurry from oil sands after bitumen is removed;
the tailings comprise bitumen), addition of a gas solution (Paras. [0041] through [0046]), and admixing of a gas solution and the tailings
(Paras. [0041] through [0046]). However, Moffett fails to fairly teach or suggest, either alone or in combination with the art, wherein the
viscosity of oil in the tailings is reduced as an effect of the addition of a nanogas solution; admixing a nanogas solution with the tailings
and then adding the admixture to a tailings pond; or wherein admixing a nanogas solution and the tailings includes subsurface injection
of the nanogas solution into tailings held in a tailings pond.

Claims 1-24 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry.
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