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(57) Abstract: In accordance with the present invention, there are provided systems and methods for contacting two or more flu-
1ds, usetul, for example for purifying or infusing a fluid (by allowing efficient and/or uniform addition of components to or re-
moval of components from the fluid). The components may be undesirable components to be removed from a fluid, or a desired
component or components to be added to the tluid, for example, each of which 1s referred to heremn as "component”. In this regard,
the disclosed embodiments provide for the purification or mmfusion of a fluid by passing a liquid and a fluid through a contacting
zone which facilitates intimate mixing of the liquid and the tluid. A difterential of partial pressure, activity, tugacity or concentra-
tion of the components between the liquid and the fluid facilitates the transter of the components between the liquid and the tlud
in the intimately mixed liquid and fluid.
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CONTACTING SYSTEMS AND METHODS AND USES THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of contacting systems and
methods. In particular, the invention relates to systems and methods of contacting two or
more tluids and uses thereot, such as removing contaminants from or adding supplements to

liquids, such as fuels.

BACKGROUND OF THE INVENTION

|0002] Removal of a material from or addition ot a material to a fluid (e.g., a liquid) can be
useful in many applications. For example, adding a gas to a liquid 1s required for the
production of carbonatcd beverages. Removal ot a gas from a liquid may be dcsirablc to
produce a purified liquid, for example. Punfied tluids are desirable 1n many applications. In
particular, removal of contaminants from a liquid may be required in many industrial and
commercial applications. For example, 1n the casc of fuels, such as diesel or jet fuels,
impurities 1n the fuel can result in high maintenance costs and poor performance. For
example, the presence of oxygen in fuels can result in poor performance of a machine using
the fuel, such as a jet engine. Further, oxygen-saturated fuels can inhibit a coolant or heat-
sink function served by fuels when the oxygen-saturated fuel causes coking, thereby

restricting fuel flow.

[0003] Conventional methods of removing contaminants, such as oxygen, {rom liquids,
such as fuels, have considerable drawbacks, For example, use of reducing agents to
chemically bind the oxygen results in further contamination issues related to the active metals
which may be used. Further, the large volume and weight of such systems prohibits their use
In many circumstances, €.g., on aircraft in-tlight purification systems. Accordingly, there

remains a nced tor improved systems and methods of treating tluids while eliminating such

drawbacks.
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[0004] In accordance with the present invention, there are provided systems and methods
for contacting two or more fluids. Invention systems and methods are usetul, for cxample for
purifying or infusing a fluid (by allowing efficient and/or uniform addition of components to,
or removal of components from, the fluid). The components may be undesirable components
to be removed from a fluid, or a dcsircd componcnt or components to be added to the fluid,
for example, each of which is referred to herein as “component”. In this regard, the disclosed
embodiments provide for the purification or infusion of a fluid by passing a liquid and a fluid
through a contacting zone which facilitates vigorous and intimate mixing of the liquid and the
fluid. Within the contacting zone. the liquid and the fluid mixture has a component partial
pressure differential. The vigorous and intimate mixing of the liquid and the fluid within the
contacting zone facilitates transfer of at least some of the component between the liquid and
the fluid as a rcsult of a differential of partial pressure, activity, fugacity or concentration of

the components between the liquid and the tluid.

[0005] One embodiment of the invention relates to methods ot contacting a liquid and a
fluid, said method comprising passing a liquid and a solid through a defined contacting zone,

thereby causing vigorous and intimate mixing of the liquid and the fluid, and facilitating

contact therebetween.

[0006] In one embodiment of the invention, said contacting facilitates transterring a
component between a liquid and a fluid. Invention methods include passing a liquid (such as
a fucl), and a flmid (such as a gas), through a contacting zone, wherein at least one ot the
liquid and the fluid contain a component, such as oxygen gas, therein. Thus, the invention
contemplates transfer of a component from the liquid phase to the fluid phase, or,

altcrnatively, from the fluid phase to the liquid phase.

[0007] In another embodiment of the invention, contacting facilitates purification of a liquid
by removal of component(s) therefrom. Thus, in one aspect, the invention contemplates
transfer of a component from the liquid phase to the fluid phase. Invention methods may also

include, for example, separating the liquid and the fluid after the transter of the component.
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|0008] In yet another embodiment of the invention, contacting facilitates purification of a
flmd by removal of component(s) therefrom. Thus, in another aspect, the invention
contemplates transfer of a component from the fluid phase to the liquid phase. Invention

methods may also include, for example, separating the liquid and the fluid after the transfer of

the component.

10009] In another embodiment of the invention, there are provided methods of purifying a
liquid (and/or a fluid). Invention methods includc passing a liquid (such as a fuel), and a fluid
(such as a gas), through a contacting zone, wherein at least one of the liquid and the fluid
contain a component, such as oxygen gas, therein. Within the contacting zone, the liqguid and
the fluid mixture has a component partial pressure differential. The vigorous mixing of the
liquid and the fluid within the contacting zone facilitates transfer of at least some of the
component between the liquid and the fluid. Invention methods may also include, for

example, separating the liquid and the fluid after the transfer of the component.

|0010] In yct another embodiment, the invention includes a system for transferring a
component between a liquid and a fluid. The system includes a contacting zone adapted to
causc vigorous and intimatc mixing of a liquid and a fluid and transter of at least somc of a
component between the liquid and the flund, a fluid puritication module adapted to remove
the component from the liquid and/or fluid, a recirculation line adapted to transfer at least a
portion of the fluid from the fluid purification module back to the contacting zone, and

optionally a separator for separating the liquid and the fluid.

[0011] In still another embodiment, the invention includes a system for transferring a
component between a liquid and a fluid. The system includes a contacting zone adapted to
cause vigorous and mntimate mixing of a liquid and a fluid and transfer of at least somc of a
component between the liquid and the fluid, a separator for scparating the liquid and the fluid,

and a recirculation line adapted to transfer at least a portion of the fluid from the fluid

purification module back to the contacting zone.

[0012] In a further embodiment, the invention includes a system for removing @ component

from a liquid and/or a fluid. The system includes a contacting zone adapted to cause vigorous
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and intimate mixing of a liquid and a fluid and removal of at least some of a component from

the liquid and/or the fluid, and a separator for separating the liquid and the fluid.

[0013] In yet another embodiment, the invention includes a system tor removing a
component from a liquid and/or a fluid. The system includes a contacting zone adapted to
cause vigorous and intimate mixing of a liquid and a fluid and transter of at Icast some of a
component between the liquid and the fluid, a fluid purification module adapted to remove

the component trom the liquid and/or fluid, a rccirculation line adapted to transter at least a

portion of the fluid from the fluid punification module back to the contacting zone, and

optionally a separator for separating the liquid and the fluid.

[0014] In still another embodiment, the invention includes a system for removing a

component from a liquid and/or a fluid. The system includes a contacting zone adapted to

cause vigorous and intimate mixing of a liquid and a fluid and transter of at Icast somc of a
component between the liquid and the fluid, a separator for separating the liquid and the fluid,
and a recirculation line adapted to transfer at least a portion of the fluid from the fluid

purification module back to the contacting zone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is a schematic illustration of one embodiment of a contacting system

according to the invention.

[0016] Figure 2 is a schematic illustration of another embodiment ot a contacting system

according to the invention.

[0017] Figure 3 is a schematic illustration of yet another embodiment of a contacting system

according to the invention.

[0018] Figure 4 is a schematic illustration of still another embodiment of a contacting

system according to the invention.

(0019] Figure 5 is a schematic i]lustration of a further embodiment of a contacting system

according to the invention.
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[0020] Figure 6 is a schematic illustration of another cmbodiment of a contacting system

according to the invention.

[0021] Figure 7 1s a schematic 1llustration of still another embodiment of a contacting

system according to the inventien.

[0022] Figure 8 is another schematic illustration of the contacting system shown m Figure

1.

[0023] Figure 9 is a schematic illustration of the centactor module shown in Figure 2.

[0024] Figure 10 is an illustration of an exemplary contacting zone contcmplated for use 1n

the practice of the present.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(0025] In accordance with one embodiment of the present invention, there are provided

systems for removing a component from a first phase and/or a second phase,

whercin said component is present in at lcast one of the first phase and the

second phase, and

wherein one of said first phase or said second phase is a liquid phase, and the

other of said first phase or said second phase is a tluid phase.

The invention system comprises:

a contacting zone adapted to facilitate contact between said first phase and said second

phase, and to cause mixing of said first phase and said second phase,

a fluid purification module adapted to remove said component from said fluid when
said transfer includes transferring component from said liquid to said fluid, wherein the tluid

purification module is adapted to catalytically consume at least a portion of said component 1n

said fluid, and

a recirculation line adapted to transfer at least a portion ot said fluid from said fluid

purification module to said contacting zone.

[0026] As used herein, a “component” may be an timpurity in a liquid phase or a gas phase

which 1s desired to be removed therefrom; alternatively, a “‘component” may be an additive

5
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which 1s desirable to incorporate into a liguid phase or a gas phase. Components
contemplated by the present invention may be mixed, absorbed, suspended or dissolved in the
liquid or the fld before being subjected to invention methods, or as a result of being

subjected to invention methods. .

[0027] In a particular embodiment, the component is a gas that is dissolved in the liquid

prior to passing the liquid and the fluid through the porous medium.

[0028] “Fluid” may be a liquid, a gas or a material in any phase which allows the material

to flow readily.

[0029] In one embodiment, the fluid 1s a gas. In a particular embodiment, the gas is a non-
reactive gas undcer operating conditions, such as nitrogen, argon, helium or carbon dioxide,

that 1s substantially tree of the component. In other embodiments, the gas may be a noble

gas.

[0030] In another embodiment, the fluid is a liquid. In a particular embodiment, the liquid
is a combustible material and the component is a gas. The combustible material may be a
hydrocarbon (such as an oil or a tuel), an organic chemical such as an aromatic hydrocarbon
(e.g., benzene, toluene, xylene, or the like), an alcohol (e.g., methanol, ethanol, or the like), an
aldehyde or ketone (e.g., acctone, methyl ethyl ketone, or the like), and the like. Exemplary

tuels include diesel, kerosene or jet fuel, for example. The gas may be oxygen.

[0031] [n another embodiment, the liquid 1s non-combustible. Exemplary non-combustible
liquids include water, sea water, carbonated or non-carbonated beverages, juices, beer, winc,

honey, vegetable oil (e.g., olive oil, sunflower oil, canola oil, and the like), and the like.

[0032] As used herein, the term “contacting zone” refers to an element which facilitates
mixing (e.g., intimate, vigorous, turbulent mixing) of the fluids introduced therein. An
exemplary contacting zone contemplated for use in the practice of the present invention
comprises a passageway divided into at least two channels that extend in non-linear fashion
along the Iength of the passageway and change flow directions abruptly in periodic fashion,

thereby causing continuous mixing and rc-distribution between the first phase and the second
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phase throughout the passageway, thus creating intimate contact between the first phase and
the second phasc, allowing the efficient transfer of a component therebetween. An exemplary

contacting zone contemplated tor use in the practice of the present invention 1s illustrated in

FIG. 4.

[0033] As used herein, “fluid purification modules” contemplated for use in the practice of
the present invention are adapted to remove the component from the fluid. In a particular
embodiment, the fluid purification module may comprise a pressure swing adsorption
module. In other embodiments, the purification module may comprise one or morc
membranes. In still other embodiments, the purification module may be adapted to
catalytically consume at least a portion of the component 1n the tfluid. A recirculation line

may be provided to transfer the fluid from the fluid purification module to the contacting

Z0Ng,

[0034] As used herein, “purification” and “purifying” refer to the removal from a fluid of

one or more components. The removal may be partial, complete or to a desired level and may

include removal of only some or all componcents.

[0035] In accordance with this aspect of the present invention, the system also includes a

recirculation line adapted to transfer the fluid from thec separator to the contacting zone.

[0036] The invention system may also include a variety of additional components, such as,
for example, a pre-mixer adapted to provide a mixture of the fluid and liquid to the contacting
zone, a separator for separating liquid and fluid (optionally including a vapor trap) adapted to
separate vaporized liquid mixed with the fluid from the separator, a gas scavenger
downstream of the fluid purification module, an independent source ot tuel to tacilitate
deactivation of the reactive components within the reaction zone, an independent source of

makcup air in fluid communication with the container, and the like.

[0037] When present, pre-mixers contemplated for use in the practice of the present
invention are adapted to provide a mixture of the tluid and the liquid to the contacting zone.
In a particular embodiment, the pre-mixer includes a plurality of substantially axial channels

for passing the liquid therethrough into a path substantially aligned with the axial channels
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(preferably an axial path) directed toward the contacting zone, and optionally a porous body
for diffusing the fluid into the path. The pre-mixer may also include an annular passage along

a circumferential penmeter of the pre-mixer for receiving the fluid and directing the {fluid to

the porous body.

[0038] In this regard, ““a path substantially aligned with the axial channels” refers to the
gencral direction of flow. The path may include a conical or radial component. For example,

in certain regions, the path may include only a radial component which transitions or diffuses

1nto an axial flow.

[0039] The optional porous body includes a porous medium with pores therein. The pores
are adapted to cause surface mixing of a fluid with a liquid having a component tlowing

through the porous body. The pores have pore sizes sufficiently small and pore shapes
sufficiently complex (o cause surface mixing. The porous medium may be made of an inert
material, such as metals, ceramics, plastic, glass or other organic or inorganic solid materals.
In a particular cmbodiment, the porous medium includes pores having a pore size of less than
500 microns. In a further particular embodiment, the pore size is between about 350 and

about 450 microns. In a still further embodiment, the pore size is approximately 400 microns.

[0040] Separators contemplated for use in the practice of the present invention include at

least one centrifugal separator, and the like.

[0041] When present, “vapor traps” contemplated for use 1n the practice of the present

invention are adapled (o capture vaporized liquid from the fluid from the separator, and

include chemical and physical means of capturing vapors.

(0042] When present, “gas scavengers™ contemplated tor use in the practice of the present

invention are generally positioned downstream of the fluid purification module, and are

capable of scavenging such gases as H,0O, CO3, Oy, and the like. Exemplary gas scavengers

include dcsiccants, and the like.

|0043] When present, “independent sources of fucl” are employed to facilitate deactivation

ot the reactive components within the rcaction zone. Exemplary independent sources of fuel

» W
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include a free-standing reservoir of one or more reactive hydrocarbon (e.g., propane, butane,

and the like) or mixtures thereof (e.g., gasoline, jet fuel, fuel oil, and the like).

[0044] When present, “independent sources of makeup air” arc employed in the practice of
the present 1nvention to equilibrate pressure in the contacting zone, to provide reactant to
facilitate removal of contaminating components from the fluid being treated, to replace the
gaseous atmosphere in the contacting zone, and the like. Exemplary independent sources of
makeup air include ambient air, substantially purificd air, substantially purified inert gas (c.g.,

N,, Ar, and the likc), oxygen-containing carricr gas, and the like.

[0045] In accordance with another embodiment ot the present invention, there are provided
systems for removing a component from a first phase and/or a second phase,
wherein at least one of the first phasc and the second phase has said
component therein, and
wherein one of said first phase or said second phase 1s a liquid phase, and the
other of said first phase or said second phase is a fluid phase,
said system comprising:
a contacting zonc adapted to facilitate contact between said first phase and said sccond
phase, and to cause mixing of said first phase and said second phase,
a scparator for separating said liquid and said fluid after said mixing, and

a recirculation line adapted to transfer at lcast a portion of said fluid from said fluid

purification module to said contacting zone.

[0046] The invention system may also includc a varicty of additional components, such as,
for example, a fluid purification module adapted to remove the component from the fluid
when the transfer includes transterring component from the liquid to the fluid, an independent
source of fucl to facihitate the deactivation of the reactive components within the reaction
zone, an 1ndependent source ot makeup air in fluid communication with the container, a gas
scavenger downstream of the fluid purification module, a vapor trap adapted to separate

vaporized liquid mixed with fluid from the separator, and the like.
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[0047| In accordance with a further embodiment of the present invention, there are provided
systems for transferring a component between a first phase and/or a second phase,
wherein said component is present in at lcast one of the first phase and the
second phase, and
wherein one of said first phase or said second phase 1s a liquid phase, and the
other of said first phase or said second phase is a fluid phase.

The invention system comprises:

a contacting zone adapted to facilitate contact between said first phasc and said sccond
phase, and to cause mixing of said first phase and said second phase,

a fluid purification module adapted to remove said component from said fluid when
said transfer includes transferring component from said liquid to said fluid, wherein the fluid
purification module is adapted to catalytically consume at least a portion of said component 1n
said tluid, and

a recirculation linc adapted to transfer at least a portion of said fluid from said fluid

purification module to said contacting zonc.

[0048] In accordance with yet another embodiment of the present invention, there are

provided systems for transferring a component between a first phase and a second phase,

wherein at least one of the first phase and the second phase has said
component therein, and
wherein one of said first phase or said second phase is a liquid phase, and the
other of said first phase or said second phase is a tluid phase,
said system comprising:
a contacting zone adapted to facilitate contact between said first phasc and said second
phase, and to cause mixing of said first phase and said second phase,
a separator for scparating said liquid and said fluid after said mixing, and
a recirculation line adapted to transfer at lcast a portion of said tluid from said fluid

purification module to said contacting zone.

10}
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[0049] In accordance with still another embodiment of the present invention, there are
provided methods of facilitating contact between a liquid and a fluid, said method comprising
passing a liquid and a fluid through a contacting zone, said passing causing mixing of said
liquid and said fluid and facilitating contact between said liquid and said fluid,

whecrein said contacting zone comprises a passageway to transport the mixture of the
first phase and the second phase, wherein the passageway 1s divided into at least two channels
that extend in non-linear fashion along the length of the passageway and change tlow
directions abruptly in periodic fashion, thereby causing continuous mixing and re-distribution
between the first phase and the second phase throughout the passageway, thus creating

intimate contact between the first phase and the sccond phase.

[0050] In accordance with a further embodiment of the present invention, therc arc provided
methods for transferring a component between a liquid and a fluid, or between a tluid and a
liquid. The mcthod includcs passing a liquid and a tluid through a contacting zone as
described herein. The method may turther include scparating the liquid and the fluid, at least

one of the separated fluid and the separated liquid including at least some ot the component.

[0051] In a particular embodiment, the method also includes removing the component from
the fluid if the component has been transferred from the liquid to the fluid. Removing the
component may include pressure swing adsorption. In a further particular embodiment, the

purified fluid may be recirculated for use in any continuation of passing the tluid through the

contacting zone.

[0052] In a particular embodiment, the method also includes recovering any vaporized

liquid mixed with the thuid after scparation of the fluid from the liquid.

[0053] In one embodiment, the method also includcs passing the liquid and the tluid
through a pre-mixer before passing through the contacting zone. In a particular embodiment,
the pre-mixer includes a plurality of axial channels for passing the liquid therethrough into an
axial path directed toward the porous medium and a porous body for diffusing the fluid into
the axial path. The pre-mixer may further include an annular passage along a circumferential

perimeter of the pre-mixer for receiving the fluid and directing the fluid to the porous body.

11
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[0054] In one embodiment, separating the liquid and the fluid includes passing the fluid and

the liquid through at least one centritugal separator.

[0055] Still another embodiment of the invention includes methods of punifying a hiquid.
The method includes passing a liquid and a fluid through a contacting zone as described
herein, the liquid containing a component therein, the passing causing vigorous and intimate
mixing of the liquid and the fluid and transfer of at least some of the component from the
liquid to the fluid. The method also includcs scparating the liquid and the fluid, the separated
fluid including at least some of the component, and removing the component trom the tluid.
The fluid with the component removed is re-circulated for use in any continuation ot passing

the liquid and fluid through the porous mcdium.

[0056] Another embodiment of the invention includes a mixing body adapted to pre-mix the
liquid and the fluid prior to introducing liquid and fluid into the contacting zone described
herein. The mixing body includes a plurality of axial channels for passing a liquid
therethrough into a path substantially aligned with the axial channels and a porous body for
diffusing a fluid into the path. In a particular embodiment, the mixing body also includes an

annular passage along a circumferential perimeter of the porous body for receiving the fluid

and directing the fluid to the porous body.

[0057] Referring now to the figures, FIG. 1 1llustrates an exemplary system tor use
according to the invention, e.g., for transferring a component, such as a contaminant, between
a liquid and a fluid. In the illustrated example, the component 1s contained in a liquid to be
purified. Of course, in other embodiments, the component may be contained in the fluid or
the fluid itself. In the cxample of FIG. 1, the liquid to be treated may be a fuel having a
component, such as gaseous oxygen, absorbed therein. [n other embodiments, other liquids

with a variety of components may be puritied.

[0058] The system 100a includes a contacting zone 110, which is described in greater detall
below. Contacting zone 110 is adapted to receive a hquid (e.g., a fuel) and a fluid (e.g.,
gaseous nitrogen). The liquid may have a component, such as gaseous oxygen, absorbed

therein. The gaseous nitrogen is preferably substantially oxygen-free. Passage of the liquid
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and fluid (e.g., gaseous nitrogen) through contacting zone 110 causes the gaseous oxygen to
be transferred trom the liquid to the fluid. Thus, the outputs of the contacting zone 110 in the
system 100a are treated liquid (e.g., de-oxygenated fucl) and modificed fluid (e.g., gaseous
nitrogen with oxygen absorbed therein). A limited amount of vaporized liquid (e.g., fuel

vapor) may be output with the modified fluid (e.g., nitrogen/oxygen stream).

[0059] Refermng now to FIG. 2, another embodiment of a purification system according to
the present invention is illustrated, wherein liquid and fluid are treated in a substantially
closed-loop system. Thus, liquid and fluid are both introduced into contactor 110, then the
vigorously combincd materials are passed through separator 300, which produces treated
liquid and modified fluid. The moditied fluid can then be passed through a fluid purification
module to remove any remaining impurities therefrom. Once subjected to the action of the

fluid purification module, the resulting treated fluid can then be re-circulated to contactor

110.

[0060] Retferring now to FIG. 3, yet another embodiment of a puritication system according
to the present invention is illustrated, wherein liquid and fluid are treated in a substantially
closed-loop system in a manner substantially as described above with reference to Figure 2,
whercein an alternatc source of tuel 1s employed to facilitate removal of impurities from the
liquid and/or fluid components being treated. Thus, liquid and tluid are both introduced into
contactor 110, then the vigorously combined materials are passed through separator 300,
which produces treated liquid and modified fluid. The modified fluid can then be passed
through a fluid purification module (optionally supplemented by an alternate/auxiliary source
of fuel) to remove any remainming impurities therefrom. Once subjected to the action of the

fluid purification module, the resulting treated fluid can then be re-circulated to contactor

110.

[0061] Referrning now to FIG. 4, still another embodiment of a purification system
according to the present invention is illustrated, wherein liquid and fluid are treated in a
substantially closed-loop system in a manner substantially as described above with reference
to Figure 2, wherein one or more boost pumps are employed to facilitatc movement of liquid

and/or tluid within the substantially closed loop system. Thus, liquid and fluid are both
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introduced 1nto contactor 110, then the vigorously combined materials are passed through
separator 300, which produces treated liquid and modified fluid. The modified fluid can then
be passed through a fluid purification module to remove any remaining impurities therefrom.

Once subjected to the action of the fluid purification module, the resulting treated fluid can

then be re-circulated to contactor 110.

[0062] Referring now to FIG. 3, a further cmbodiment of a purification system according to
the present invention 1s illustrated, wherein liquid and fluid are treated in a substantially
closed-loop system 1n a manner substantially as described above with reference to Figure 4,
wherein an alternate source of fuel is employed to facilitate removal of impurities from the
liquid and/or fluid components being treated. Thus, liquid and fluid are both introduced into
contactor 110, then the vigorously combined materials are passed through separator 300,
which produces treated liquid and modified fluid. The modified fluid can then be passed
through a fluid purification module (optionally supplemented by an alternate/auxiliary source
of fuel) to remove any remaining impuritics therefrom. Once subjected to the action of the

fluid purification module, the resulting treated flutd can then be re-circulated to contactor

110.

|0063] Recferring now to F1G. 6, another embodiment of a purification system 1s 1llustrated.
In the system 100b, the contacting zone 110 is adapted to receive a liquid (¢.g., fucl) from a
reservolr such as tank 130. The flow of liquid into the contacting zone 110 may be facilitated
by a pump 132 positioned between tank 130 and contacting zone 110, Tank 130, pump 132
and contacting zone 110 are connected using tubcs, pipes or lines, for example. The size of
tank 130 and the capacity of pump 132 may be determined according to particular
applications and requirements. In one embodiment, the contacting zone 110 is adapted to

receive and process liquid at the rate of 2 U.S. gallons per minute.

[0064] The contacting zone 110 is also adapted to receive a supply of a fluid, such as a gas,
to mix with the liquid. In certain embodiments, the fluid is a non-reactive gas, such as
nitrogen, argon, or the like. In the illustrated example, the fluid is nitrogen gas. The nitrogen
may be recerved from a pressurized nitrogen bottle. In other embodiments, the nitrogen is

received from a fluid purification module, such as a fluid purification module 120, which

14
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supplies substantially oxygen-frec fluid. The flow of substantially oxygen-free fluid into the
contacting zone 110 may be regulated using a flow meter 122, for example. In one
cmbodiment, the contacting zone 110 is adapted to receive fluid and liquid at a rate bascd on
the desired liquid output. For cxamplc, a large fluid-to-liquid ratio may be used to obtain a
more purified liquid while a smaller fluid-to-liquid ratio may be used to obtain a less purified
liquid. In particular embodiments, the fluid-to-liquid ratio may be 10:1, 4:1, 2:1, 1:1, 1.2,
1:4, or 1:10.

[0065] The contacting zone 110 is adapted to transfer the component, such as oxygen gas,
from the liquid to the fluid (e.g., nitrogen gas). This aspect of the contacting zone 1s
described in greater detail below with reference to Figurcs 8 and 9. Thus, the output of the
contacting zone 110 includes a stream of de-oxygenated liquid 140 and a separatc stream of

nitrogen gas with oxygen.

[0066] In many cases, certain amounts of the liquid may evaporate either in the contacting
zone 110 or prior to entering the contacting zone 110. In this rcgard, the system 100b
includes a vapor recovery module 150 through which the nitrogen stream is proccssed. The
vapor recovery module 150 may be a vapor trap including a coalescing filter adapted to
separate the liquid vapor from the nitrogen stream, producing condensed liquid. The
condensed liquid is then routed to the liquid stream 140 exiting the contacting zone 110, as
shown in Figure 6. In other embodiments, in order to maintain the deoxygenated level of the

liquid 140 from the contacting zone 110, the recovered liquid vapor may bc routed to tank

130.

[0067] The stream of nitrogen with oxygen from the vapor recovery module 150 can then
be directed to fluid purification module 120, which separates the oxygen from the nitrogen.
The purificd nitrogen can then be used for removal of contaminant (¢.g., deoxygenation) ot
additional liquid, while the oxygen can be vented to the atmosphere. In cases where the
systemn 100b is opcrating in a closed environment, such as a laboratory or an operational
application in a closed area, the stream of nitrogen and oxygen may be further treated prior to
being directed to fluid purification module 120. The stream of nitrogen and oxygen may be

similarly treated in systems without a fluid purification module. For example, the strcam ot

15
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nitrogen and oxygen may be trcated through an active carbon filter to remove components
prior to either fluid purification module processing or venting to the atmosphere. In other
embodiments, the active carbon filter may be positioned upstream of fluid purification

module 120. Thus, the components may be removed from the nitrogen as well.

[0068] Figurc 7 iltustrates still another embodiment of a purification system. In the system
100¢, the stream of nitrogen, oxygen and hquid vapor produccd by contacting zonc 110 1s
directed through a catalytic bed 160. The catalytic bed 160 1s adapted to cause a reaction
between the vapor and the oxygen molecules to produce carbon dioxide and water. Thus, the
output of the catalytic bed 160 is a mixture of nitrogen, water, carbon dioxide and any
remaining fuel vapor. This mixture is then directed to an adsorption module 170. The
adsorption module 170 is adapted to absorb watcr, either liquid or vapor, from the stream.
The water from the stream may be cither retained within the adsorption module 170 or
otherwise directed out of the stream. Thus, oxygen is effectively removed from the stream,
while carbon dioxide is added. The carbon dioxide can continue to function as an oxygen-

free fluid, in addition to the nitrogen, in the transfer of oxygen from the fuel.

[0069] The exemplary purification system 100 is iltustrated in further detail in Figure 7.
The systcm 100, in certain embodiments, includes pre-treatment of the liquid and control
modules for controlling various aspects of the system 100. The pre-treatment of the liquid
may include processing the liquid through a filter system 134 to remove certain components,
such as solid particles, to prevent such components from affecting the operation ot the

contacting zone 110. Such filter systems are well known to those skilled in the art.

[0070] Further, a thermal regulator 136 may be provided to control the temperature of the
liquid. The temperature may require regulation bascd on the requirements of the machine tor
which the liquid is dcoxygenated. The thermal regulator 136 may inctude a heater tor
increasing the liquid temperature and/or a heat exchanger for increasing or decrecasing the
liqud temperature. In certain embodiments, the temperature of the hiquid may be increased to

[acilitate removal of a component.
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[0071] The control system 400 includes control modules for controlling the various
modules of the system 100, A flow control module 410 1s provided to control the {low rates
of the hiquid and the nitrogen gas. In this regard. the flow control module 410 may be adapted
to communicate with and control the tlow meter 122 and the pump 132 described above and
shown in Figure 1. Similarly, a temperature control module 420 is prdvided to communicate
with and control the thermal regulator 136 tor regulating the temperaturce of the liguid.
Finally, an oxygen measurement module 430 may be provided to monitor the operation ot the
contacting zonc 110. In this regard, sensors (not shown) may be provided at the input and
output of the contacting zone 110. The sensors may communicate data to the oxygen
measurement module 430 to determine the level of decoxygenation being achieved. In some
embodiments, the oxygen measurement module 430 may be adapted to transmit a message to

an operator mdicating a maltunction of the contacting zone 110.

[0072] Asillustrated in Figure 8, the contacting zone 110 mcludes a liquid-gas contactor
200 and a gas-liquid separator 300. Each of these components 15 described below 1n greater

detail.

[0073] Figure 9 1s a schematic illustration of an cmbodiment of the liquid-pas contactor 200
of the contacting zone 110 shown m Figure 8. In this embodiment, the liquid-gas contactor
200 includes a pre-muxer 210 for mixing the input streams of liquid and fluid. The pre-mixer
210 facilitates the uniform mixing of the two streams to facilitate deoxygenation of the liquid.
An cmbodiment of the pre-muxer 210 1s described in greater detail with reference to Figures
4A, 4B and 5 of United States Patent No. 7,459,081,

The mixture output by the pre-mixer 210 is dirccted 10 a

contacting zone 110. The output of the contactor 220 15 directed out of the liquid-gas

contactor 200 and to the separator 300 (Figure 2).

[0074]  The porous body of pre-mixer 210 is preferably made from a porous material with
channels for the liquud, as described above. In other cmbodiments, the pre-mixer can be
made from a solid piece or mulfi picce assembly of solid materials. In this rcgard, the pre-
mixcr may include channels for the liquid as well as channels {or the fluid. The channels for

the flurd may be substantially smaller than the channels for the liquid. However, the cost to

CA 2760459 2017-08-09
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manufacture a pre-mixer with solid materials can be substantially higher compared to the cost

of using porous matcrials.

[0075] Porosity of the pre-mixer can be chosen with certain basic parameters satisfied. For
example, the gas used in the process (e.g., nitrogen gas) should flow through the porous body
with mimimal flow restriction, such as approximately 1% - 6% pressure drop under operating
conditions. Further, the liquid being processed (e.g., liquid fuel) may pass through the porous
material under pressure closely above operating liquid pressure. The porous material should

be chemically compatible or resistant to the fluid and liquid being processed.

[0076] The porous body may be designed to accommodate various flow patterns for the
liquid. For example, in one embodiment, the flow of the liquid may be substantially axial and
lincar. In other embodiments, the flow may be non-linear through the porous body. Still in

other embodiments, the tlow may be substantially radial in certain regions.

[0077] A small distance may be provided between the pre-mixer 210 and the contactor 220
to allow the pressure across the contactor to equalize. In one embodiment, this distance is
approximately 0.25 to 1.25 mm. In another embodiment, direct mating ot the pre-mixer 210a
and the contactor 220 may be facilitated by providing a subsectioncd prc-mixer, as illustrated
in Figure 5. In this embodiment, indented regions 299 may be formed on the face of the pre-
mixcr 210a to sectionalize flow to the contactor 220 1n order to reduce the ettfects of
orientation and external forces causing inconsistent process output. In this regard, the face ot
the contactor facing the pre-mixer 210a may be provided with similar indented regions 299.
[f sectionalized tlow paths are used, axial channels 218a of the pre-mixer 210a should

connect to a sectionalized tlow compartment of the contactor 220,

[0078] It 1s noted that the fuel-gas contactor 200 may operate without the pre-mixer. Thc

pre-mixcr 1s provided to reducce the effects of orientation and external forces upon the fuel-

gas contactor 200.

[0079] Figure 10 illustrates an exemplary contacting zone contemplated for use in the

practice of the present invention. The internal features of the 1llustrated embodiment include

a plurality of coils and blades which facilitate vigorous and intimate mixing of components

o
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being passed therethrough. As readily recognized by those of skill in the art, a variety of
shapcs that can produce similar levels of vigorous and intimate mixing can also be employed
in the practice of the present invention, c.g., flat blades positioned at an angle with respect to
the direction of flow, curved blades bearing a variety of shapes (e.g., concave, convex, and

the like), saddles, and the like.

[0080] While the exemplary embodiments illustrated in the Figures and described above are
presently preferred, it should be understood that these embodiments are otfered by way of
examplc only., Other embodiments may include, for example, different techniques for
performing the same operations. The invention 1s not limited to a particular embodiment, but
extends to various modifications, combinations, and permutations that nevertheless fall

within the scope and spirit of the appendced claims.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A system for transferring a component from a liquid to a fluid, wherein said component is

present in the liquid,
sald system comprising:

a) a contacting zone adapted to facilitate contact between said liquid and said fluid

and to cause mixing of said liquid and said fluid,

b) at least one of: a fluid purification module adapted to remove said component
from said fluid when said transfer includes transferring component from said liquid to
said fluid, wherein the fluid purification module is adapted to catalytically consume at
least a portion of said component 1n said fluid; and a separator for separating satd liquid

and said fluid after said mixing, and

C) a recirculation line adapted to transfer at least a portion of said fluid from said

fluid purification module to said contacting zone,

characterised in that said contacting zone comprises a passageway to transport the
mixture of liquid and the fluid, wherein the passageway 1s divided into at least two
channels that extend in nonlinear fashion along the length of the passageway and change
flow directions abruptly in periodic fashion, thereby causing continuous mixing and re-

distribution between the liquid and the fluid throughout the passageway, thus creating

intimate contact between the liquid and the fluid, allowing the efficient transter of the

component therebetween.
2. A system according to claim 1, further comprising at least one of:

(a) a pre-mixer adapted to provide a mixture of the fluid and the liquid to the

contacting zone; and
a porous body for diffusing said fluid into the path;

(b) a separator for separating said liquid and said fluid after said mixing;

20
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(c) a gas scavenger downstream of said fluid purification module;

(d) an independent source of fuel to facilitate deactivation of the reactive

components within the reaction zone; and

(¢) an independent source of makeup air in fluid communication with said

contacting zone.

3. A system according to claim 2, wherein the premixer further comprises an annular
passage along a circumferential perimeter of the pre-mixer for receiving the fluid and

directing the fluid to the contacting zone;

4. A system according to claim 2 or 3, wherein the premixer includes a plurality of
substantially axial channels for passing said liquid therethrough into a path directed

toward the contacting zone.

. A system according {0 any one of claims 2 to 4, wherein the separator includes at least

one centrifugal separator.

6. A system according to any one of claims 2 to 5, wherein the gas scavenger is for

scavenging H,O, CO,, O, or a combination thereof

7. A system according to any one of claims 1 to 6, wherein the liquid is a combustible

material and the component is a component gas.
8. A system according to claim 7, wherein the combustible material is a hydrocarbon.
9. A system according to claim 8, wherein the hydrocarbon 1s an oil or a fuel.

10. A system according to claim 9, wherein the fuel is at least one of diesel, kerosene, and jet

fuel.

11. A system according to any one of claims 1 to 6, wherein the component is a component

gas dissolved in liquid prior to said mixing.
12. A system according to claim 11, wherein the component gas is oxygen.

13. A system according to any one of claims 1 to 12, wherein the fluid is a gas.

21
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14. A system according to claim 13, wherein the gas 1s nonreactive gas which is at least one

of nitrogen, argon, helium and carbon dioxide.

15. A system according to any one of claims 1 to 14 comprising said separator for separating
said liquid and said fluid after said mixing, and a vapor trap adapted to separate vaporized

liquid mixed with said fluid from said separator.

16. A method of facilitating contact between a liquid and a fluid, said method comprising
passing said liquid and said fluid through a contacting zone, said passing causing mixing

of said liquid and said fluid and facilitating contact between said liquid and said fluid,

wherein said contacting zone comprises a passageway to transport the mixture of
the liquid and the fluid, wherein the passageway is divided into at least two channels that
extend in non-linear fashion along the length of the passageway and change flow
directions abruptly in periodic fashion, thereby causing continuous mixing and re-
distribution between the liquid and the fluid throughout the passageway, thus creating

intimate contact between the liquid and the fluid.
17. A method according to claim 16, wherein the fluid is a gas.
18. A method of purifying a liquid, said method comprising:

a) passing said liquid and a fluid, said liquid containing a componéent gas
therein, through a system according to any of claims 1 to 13, said passing causing mixing
of said liquid and said fluid and transfer of at least some of said component gas from said

liquid to said fluid;

b) separating said liquid and said fluid, said separated tluid including at least

some of said component gas;

C) removing said component gas from said fluid; and

d) at least one of: recirculating at least a portion of said fluid with component
gas removed in step ¢) for use in any continuation of step a); and introducing at least a

portion of said fluid into a storage vessel from which said liquid is obtained.
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19.

20).

21.

22.

23.

A method according to claim 18, wherein the liquid 1s a combustible material and the

component 1s a component gas.
A method according to claim 18 or 19, wherein the fluid 1s a gas.

A method according to any of claims 18 to 20, wherein the passing 1s adapted to facilitate

transfer of the component between the liquid and the fluid.

A method according to claim 21, wherein the fluid and the liquid are passed through the

contacting zone at a fluid-to-liquid ratio selected to achieve a desired level of transfer of

the component.
A method of purifying a fluid, said method comprising:

a) passing a liquid and satd fluid, said fluid containing a component gas
therein, through a system according to any of claims 1 to 13, said passing causing mixing
of said liquid and said fluid and transfer of at least some of said component from said

fluid to said liquid;

b) separating said liquid and said fluid, said separated liquid including at

least some of said component;
C) removing said component from said liquid; and

d) at least one of: recirculating at least a portion of said liquid with
component gas removed in step ¢) for use in any continuation of step a); and introducing

at least a portion of said liquid into a storage vessel from which said fluid is obtained.
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