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TUBULAR ELECTROLYSIS CELL COMPRISING CONCENTRIC ELECTRODES AND CORRESPONDING
METHOD

BACKGROUND

Electrolysis cells are used 1n a variety of different applications for
> changing one or more characteristics of a fluid. For example, electrolysis cells
have been used in cleaning/sanitizing applications, medical industries, and
semiconductor manufacturing processes. Electrolysis cells have also been used

in a variety of other applications and have had different configurations.
For cleaning/sanitizing applications, electrolysis cells are used to create
10 anolyte electrochemically activated (EA) liquid and catholyte EA lLiquid.
Anolyte EA liquids have known sanitizing properties, and catholyte EA liquids

have known cleaning properties. Examples of cleaning and/or sanitizing systems

are disclosed in Field et al. U.S. Publication No. 2007/0186368 Al, published
August 16, 2007.
15 SUMMARY

An aspect of the disclosure relates to an electrolysis cell, which includes
an 1nlet, an outlet, and coaxial inner and outer electrodes An 1on-selective
membrane 1s located 1n a gap between the inner and outer electrodes and forms
respective first and second electrolysis reaction chambers on opposing sides of

20  the membrane. Fluid flow paths along the first and second chambers join
together as a combined outlet flow path through the outlet.

In a particular embodiment of the disclosure, fluid flow paths along the
first and second chambers also join together as a combined inlet flow path
through the inlet.

25 Another aspect of the disclosure relates to a method of electrolyzing a
liquid. The method includes passing the liquid through such an electrolysis cell

and applying an energization voltage between the first and second electrodes.
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According to an aspect of the present invention there ts provided an
electrolysis cell comprising:

a combined inlet and combined outlet;

coaxial, inner and outer electrodes;

a membrane located in a gap between the inner and outer electrodes and
forming respective first and second electrolysis reaction chambers on opposing
sides of the membrane, wherein fluid flow paths along the first and second
chambers join together as a combined inlet flow path from the combined inlet and
as a combined outlet flow path through the outlet without any valves; and

a solid inner core located within an interior of the inner electrode, wherein
at least a portion of a volume of space within the interior of the inner electrode 1s
blocked to fluid flow along a longitudinal axis of the inner electrode, such that the
combined inlet flow path is directed from the inlet to the first and second reaction
chambers, and wherein:

the solid inner core is cylindrical and comprises first and second
ends:

at least one of the first or second ends comprises a set of
circumferentially-spaced slots and interleaved legs; and

the fluid flow paths pass through the sets of slots of the solid inner

COrc.

According to another aspect of the present invention there 1s provided a
method comprising:

a) passing a liquid through an electrolysis cell comprising, combined inlet,
combined outlet, coaxial inner and outer electrodes, and an ion-selective
membrane located in a gap between the inner and outer electrodes, which forms
respective first and second electrolysis reaction chambers on opposing sides of the
membrane, wherein fluid flow paths along the first and second chambers join
together as a combined inlet flow path through the combined inlet and a combined
outlet flow path through the combined outlet without valves;

b) blocking at least a portion of a volume of space within an interior of the

inner electrode to fluid flow along a longitudinal axis of the inner electrode with a

solid inner core located within the interior of the inner electrode, such that the
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combined inlet flow path is directed from the inlet to the first and second reaction
chambers and wherein:
the solid inner core is cylindrical and comprises first and second
ends;
at least one of the first or second ends comprises a set of
circumferentially-spaced slots and interleaved legs; and
the fluid flow paths pass through the sets of slots of the solid inner
core; and

¢) applying an energization voltage between the inner and outer electrodes.

According to a further aspect of the present invention there is provided an
electrolysis cell comprising:

a combined inlet and combined outlet;

coaxial, inner and outer electrodes; and

a membrane located in a gap between the inner and outer electrodes and
forming respective first and second electrolysis reaction chambers on opposing
sides of the membrane, wherein fluid flow paths along the first and second
chambers join together as a combined inlet flow path from the combined inlet and
as a combined outlet flow path through the outlet without any valves,

wherein the combined inlet flow path and the combined outlet flow path
pass radially through the inner electrode to the first and second electrolysis

reaction chambers.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an example of an electrolysis cell having an 1on-
selective membrane.
FIG. 2 illustrates an example of an electrolysis cell having a tubular
>  shape according to one illustrative example.
FIG. 3A 1s a top plan view of a specific example of the electrolysis cell
shown in FIG. 2.
FIG. 3B 1s a side plan view of the electrolysis cell.
FIG. 3C is an end view of the electrolysis cell.
10 FIG. 4A 1s a sectional view of the cell taken along lines A--A of FIG.
3A.
FIG. 4B 1s a sectional view of the cell taken along lines B--B of FIG. 3C.
FIG. 5A illustrates the 10 1n a final stage of assembly.
FIG. 5B illustrates the cell with a housing tube removed, exposing an
15  outer electrode cylinder.
FIG. 5C 1illustrates the cell with the outer electrode and an end cap
removed, exposing an 1on-selective membrane.
FIG. 5D illustrates the cell with the 1on-selective membrane removed,
exposing an inner electrode cylinder.
20 FIG. SE 1s a sectional view of the cell taken along lines D--D of FIG. 5D.
FIG. 6A 1s a perspective view of a solid inner core of the cell.
FIG. 6B 1s an end view of the core.
FIG. 6C 1s a side plan view of the core.
FIG. 7A 1s a top plan view of the cell, which 1llustrates features of the
25 1nner electrode cylinder as assembled with an end cap and offset.
FIG. 7B 1s a side plan view of the cell as shown in FIG. 7A.
FIG. 7C 1s a sectional view of the cell taken along lines E--E of FIG. 7B.
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FIG. 8A 1s a top plan view of the cell, which 1llustrates features of the

outer electrode cylinder as assembled with the end cap.

FIG. 8B 1s a side plan view of the cell as shown 1n FIG. 8A.
FIG. 8C 1s a sectional view of the cell taken along lines F--F of FIG. §B.

FIG. 9A 1s a perspective view of the housing tube 50.

FIG. 9B 1s a top plan view of the housing tube.

FIG. 9C 1s a side plan view of the housing tube.

FIG. 9D 1s a sectional view of the housing tube taken along lines G--G of
FIG. 9C.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

An aspect of the present disclosure 1s directed to a method and apparatus
for electrolyzing liquids.
1. Electrolysis Cells

An electrolysis cell includes any fluid treatment cell that 1s adapted to
apply an electric field across the fluid between at least one anode electrode and
at least one cathode electrode. An electrolysis cell can have any suitable number
of electrodes, any suitable number of chambers for containing the fluid, and any
suitable number of fluid inputs and fluid outputs. The cell can be adapted to
treat any fluid (such as a liquid or gas-liquid combination). The cell can include
one or more 1on-selective membranes between the anode and cathode or can be
configured without any 1on selective membranes.

Electrolysis cells can be used 1n a variety of different applications and
housed 1n a variety of different types of apparatus, which can be hand-held,
mobile, immobile, wall-mounted, free-standing, a motorized or non-motorized
cleaning/sanitizing vehicle, wheeled, etc, for example. Non-limiting examples

of different applications 1in which the electrolysis cells disclosed herein can be
used are described 1n Field et al. U.S. Patent Publication No. 2007/0186368,
published August 16, 2007.
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2. Electrolysis Cell Having a Membrane

FIG. 1 1s a schematic diagram 1llustrating an example of an electrolysis
cell 10, which receives liquid to be treated from a liquid source 12. Liquid
source 12 can include a tank or other solution reservoir or can include a fitting
or other inlet for receiving a liquid from an external source.

Cell 10 has one or more anode chambers 14 and one or more cathode
chambers 16 (known as reaction chambers), which are separated by an 1on
exchange membrane 18, such as a cation or anion exchange membrane. One or
more anode electrodes 20 and cathode electrodes 22 (one of each electrode
shown) are disposed in each anode chamber 14 and each cathode chamber 16,
respectively. The anode and cathode electrodes 20, 22 can be made from any
suitable material, such as a conductive polymer, titanium and/or titanium coated
with a precious metal, such as platinum, or any other suitable electrode material.
The electrodes and respective chambers can have any suitable shape and
construction. For example, the electrodes can be flat plates, coaxial plates, rods,
or a combination thereof. Each electrode can have, for example, a solid
construction or can have one or more apertures. In one example, each electrode
1s formed as a mesh. In addition, multiple cells 10 can be coupled 1n series or in
parallel with one another, for example.

The electrodes 20, 22 are electrically connected to opposite terminals of
a conventional power supply (not shown). Ion exchange membrane 18 1s located
between electrodes 20 and 22. The power supply can provide a constant DC
output voltage, a pulsed or otherwise modulated DC output voltage, and/or a
pulsed or otherwise modulated AC output voltage to the anode and cathode
electrodes. The power supply can have any suitable output voltage level, current
level, duty cycle or wavetorm.

For example 1n one embodiment, the power supply applies the voltage

supplied to the plates at a relative steady state. The power supply includes a
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DC/DC converter that uses a pulse-width modulation (PWM) control scheme to
control voltage and current output. Other types of power supplies can also be
used, which can be pulsed or not pulsed and at other voltage and power ranges.
The parameters are application-specific.

During operation, feed water (or other liquid to be treated) 1s supplied
from source 12 to both anode chamber 14 and cathode chamber 16. In the case
of a cation exchange membrane, upon application of a DC voltage potential
across anode 20 and cathode 22, such as a voltage in a range of about 5 Volts
(V) to about 25V, cations originally present in the anode chamber 14 move
across the 1on-exchange membrane 18 towards cathode 22 while anions in anode
chamber 14 move towards anode 20. However, anions present in cathode
chamber 16 are not able to pass through the cation-exchange membrane, and
therefore remain confined within cathode chamber 16.

As a result, cell 10 electrochemically activates the feed water by at least
partially utilizing electrolysis and produces electrochemically-activated water 1n
the form of an acidic anolyte composition 30 and a basic catholyte composition
32.

If desired, the anolyte and catholyte can be generated in different ratios
to one another through modifications to the structure of the electrolysis cell, for
example. For example, the cell can be configured to produce a greater volume of
catholyte than anolyte if the primary function of the EA water 1s cleaning.
Alternatively, for example, the cell can be configured to produce a greater
volume of anolyte than catholyte if the primary function of the EA water 1s
sanitizing. Also, the concentrations of reactive species 1n each can be varied.

For example, the cell can have a 3:2 ratio of cathode plates to anode
plates for producing a greater volume of catholyte than anolyte. Each cathode
plate 1s separated from a respective anode plate by a respective 1on exchange

membrane. Thus, there are three cathode chambers for two anode chambers.
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This configuration produces roughly 60% catholyte to 40% anolyte. Other
ratios can also be used.

As mentioned above, the 1on exchange membrane 18 can include a
cation exchange membrane (1.e., a proton exchange membrane) or an anion
exchange membrane. Suitable cation exchange membranes for membrane 18
include partially and fully fluorinated i1onomers, polyaromatic ionomers, and
combinations thereof. Examples of suitable commercially available ionomers
for membrane 18 include sulfonated tetrafluorethylene copolymers available
under the trademark “NAFION” from E.I. du Pont de Nemours and Company,
Wilmington, Delaware; pertfluorinated carboxylic acid ionomers available under
the trademark “FLEMION” from Asahi Glass Co., Ltd., Japan; perfluorinated
sultonic acid 1onomers available under the trademark “ACIPLEX” Aciplex from
Asahi Chemical Industries Co. Ltd., Japan; and combinations thereof. However,
any 10on exchange membrane can be used 1n other examples.

The anolyte and catholyte EA liquid outputs can be coupled to a
dispenser 34, which can include any type of dispenser or dispensers, such as an
outlet, fitting, spigot, spray head/nozzle, a cleaning/sanitizing tool or head, etc.
There can be a dispenser for each output 30 and 32 or a combined dispenser for
both outputs.

In one example, the anolyte and catholyte outputs are blended into a
common output stream 36, which 1s supplied to dispenser 34. As described in
Field et al. U.S. Patent Publication No. 2007/0186368, it has been found that the
anolyte and catholyte can be blended together within the distribution system of a
cleaning apparatus and/or on the surface or item being cleaned while at least
temporarily retaining beneficial cleaning and/or sanitizing properties. Although
the anolyte and catholyte are blended, they are initially not in equilibrium and

therefore temporarily retain their enhanced cleaning and/or sanitizing properties.
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3. Electrode Pattern Examples

In one example, at least one of the anode or cathode electrodes 1s formed
of a metallic mesh, with regular-sized rectangular openings in the form of a grid.
In one specific example, the mesh 1s formed of 0.023-inch diameter T316
stainless steel having a grid pattern of 20x20 grid openings per square inch.
However, other dimensions, arrangements and materials can be used in other
examples.

For example, as mentioned above, at least one of the anode or cathode
electrodes can be formed at least partially or wholly of a conductive polymer,
such as those used for static dissipating devices. Examples of suitable
conductive polymers are commercially available from RTP Company of
Winona, Minnesota, USA. For example, the electrodes can be formed of a
conductive plastic compound having a surface resistivity of 10° to 10" ohm/sq,
such as 10' to 10° ohm/sq. However, electrodes having surface resistivities
outside those ranges can be used 1n other examples. One or more of the
electrodes can form a mesh, with regular-sized rectangular openings in the form
of a grid. However, the openings or apertures can have any shape, such as
circular, triangular, curvilinear, rectilinear, regular and/or irregular. Curvilinear
apertures have at least one curved edge. When injection molded, for example,
the shapes and sizes of the apertures can be easily tailored to a particular pattern.
However, these patterns can also be formed in metallic electrodes in other
examples of the present disclosure.

The apertures can be sized and positioned to increase the surtface area of
the electrode for electrolysis and thereby promote generation of gas bubbles in
the liquid being treated.

4, Tubular Electrode Example
The electrodes themselves can have any suitable shape, such as planar,

coaxial plates, cylindrical rods, or a combination thereof. FIG. 2 illustrates an
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example of electrolysis cell 10 having a tubular shape according to one
illustrative example. The radial cross-section of cell 10 can have any shape,
such as circular as shown 1n FIG. 2, or other shapes such as curvilinear shapes
having one or more curved edges and/or rectilinear shapes. Specific examples
include ovals, polygons, such as rectangles, etc.

Portions of cell 10 are cut away for illustration purposes. In this
example, cell 10 has a tubular housing 50, a tubular outer electrode 20, and a
tubular inner electrode 22, which 1s separated from the outer electrode by a
suitable gap, such as about 0.040 inches. Other gap sizes can also be used, such
as but not limited to gaps in the range of 0.020 inches to 0.080 inches. Either of
the inner or outer electrode can serve as the anode/cathode, depending upon the
relative polarities of the applied voltages.

Ion-selective membrane 18 1s positioned between the outer and inner
electrodes 20 and 22. In one specific example, the i1on-selective membrane
includes a “NAFION” from E.I. du Pont de Nemours and Company, which has
been cut to 2.55 inches by 2.55 inches and then wrapped around inner tubular

electrode 22 and secured at the seam overlap with a contact adhesive, for

example, such as a #1357 adhesive from 3M Company. Again, other dimensions
and materials can be used 1n other examples.

In the example shown 1n FIG. 2, at least a portion of the volume of space
within the interior of inner tubular electrode 22 1s blocked by a solid insert 52 to
promote liquid flow along and between electrodes 20 and 22 and 1on-selective
membrane 18, 1n a direction along the longitudinal axis of housing 50. This
liquid flow 1s conductive and completes an electrical circuit between the two
electrodes. Electrolysis cell 10 can have any suitable dimensions. In one
example, cell 10 can have a length of about 4 inches long and an outer diameter

of about one inch. The length and diameter can be selected to control the
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treatment time and the quantity of bubbles, e.g., nanobubbles and/or
microbubbles, generated per unit volume of the liquid.

Cell 10 1s connected to a liquid source 12, which 1n this example
includes an 1nlet tube. Cell 10 can include a suitable fitting at one or both ends
of the cell. Any method of attachment can be used, such as through plastic
quick-connect fittings.

In the example shown 1n FIG. 2, cell 10 produces anolyte EA liquid in
the anode chamber (between one of the electrodes 20 and 22 and 1on-selective
membrane 18) and catholyte EA liquid 1n the cathode chamber (between the
other of the electrodes 20 and 22 and 1on-selective membrane 18). The anolyte
and catholyte EA liquid flow paths join at the outlet of cell 10 as the anolyte and
catholyte EA liquids flow past the tubular end of 1on-selective membrane 18 and
out the end of cell 10. As a result, cell 10 produces and dispenses a blended
anolyte and catholyte EA liquid.

J. Specific Example of an Electrolysis Cell

FIGS. 3-9 1illustrate an electrolysis cell according to a specific example
of the present disclosure. The same reference numerals are used in FIGS. 3-9
for the same or similar elements. The dimensions shown 1n the drawings are in
inches and are provided as non-limiting examples only. Various other
dimensions can be used 1n other examples.

FIG. 3A 1s a top plan view of electrolysis cell 10, FIG. 3B 1s a side plan
view of electrolysis cell 10, and FIG. 3C 1s an end view of electrolysis cell 10.
Electrolysis cell 10 includes a housing tube 50, and end caps 60 and 62. End
caps 60, 62 are sealed at the ends of housing tube 50. As shown in FIG. 3C, end
cap 62 has an opening 65 that forms either an inlet or outlet for the cell.
Similarly end cap 60 has an opening 63 (shown in FIGS. 4A and 4B) that forms

either an outlet or an inlet for the cell. Each opening 63, 65 has an 1/8 inch
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Normal Pipe Thread (NTP), tor example, for attaching to the fitting of an inlet
tube or outlet tube.

A first electrode contact 64 extends through end cap 60, and a second
electrode contact 66 extends through a slot 67 1in housing tube 50. Contact 64 1s
electrically coupled to outer electrode 20 (shown in FIGS. 4A and 4B), and
contact 66 1s electrically coupled to inner electrode 22 (also shown in FIGS. 5A
and 5B). In one example, housing tube 50 and end caps 60, 62 are formed of
ABS plastic.

FIG. 4A 1s a sectional view of cell 10 taken along lines A--A of FIG. 3A,
and FIG. 4B 1s a sectional view of cell 10 taken along lines B--B of FIG. 3C. As
discussed above, cell 10 includes a tubular housing 50, end caps 60, 62, inlet (or
outlet) 63, outlet (or inlet) 65, outer electrode cylinder 20, 1on-exchange
membrane cylinder 18, inner electrode cylinder 22 and solid core insert 52.
Contact 64 1s attached to the inner diameter surtface of inner electrode 22, and
contact 66 1s attached to the outer diameter surface of outer electrode 20. Slot
67 1in housing tube 50 can be sealed around contact 66 with an epoxy, for
example.

As described above with reference to FIG. 2, solid core insert 52 blocks
at least a portion of the volume of space within the interior of inner electrode
cylinder 22 to promote liquid flow along and between electrodes 20 and 22 and
ion-selective membrane 18, as shown by inlet flow lines 70 and outlet flow lines
72 1n FIG. 4A. Thus, the inner electrode 22 has a central longitudinal section
and first and second end longitudinal sections, wherein the inlet flow path 70
and the outlet flow 72 path are fluidically coupled a volume of space within an
interior of the first and second longitudinal sections, respectively, of inner
electrode 22. At least a portion of a volume of space within an interior of the
central longitudinal section 1s blocked to fluid flow along a longitudinal axis of

the 1nner electrode 22 by solid inner core 52, such that the inlet flow path 70 and
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the outlet flow path 72 pass through the inner electrode 22 (as i1t 1s porous to
fluid flow).

Ion-exchange membrane 18 has a length along the longitudinal axis of
cell 10 that 1s shorter than the distance between end caps 60 and 62 to further
promote liquid flow along and between electrodes 20 and 22 and 1on-selective
membrane 18. However, 1on-exchange membrane 18 can have a length that 1s
the same as or longer than the distance between end caps 60 and 62 in other
examples. Arrows 74 1llustrate a longitudinal gap (of approximately 0.23 inches,
for example) between one end of 1on exchange membrane 18 and the inner edge
of end cap 60. Arrows 76 illustrate a longitudinal gap (of approximately 0.21
inches, for example) between the other end of 1on exchange membrane 18 and
the 1inner edge of end cap 62.

The inner and outer mesh electrodes 20 and 22 are porous to the liquid
flow. The inlet flow 70 passes through inner mesh electrode 22, at longitudinal
gap 74, and into the radial gap between electrodes 20 and 22. Similarly, the
outlet flow 72 passes from the radial gap between electrodes 20 and 22, through
inner mesh electrode 22 at longitudinal gap 76, to outlet 635.

Liquid also flows along a radial gap between the outer diameter surface
of outer electrode 20 and the inner diameter surface of housing tube 50 and
along a radial gap between the inner diameter surtace of inner electrode 22 and
the outer diameter surface of core insert 52. End caps 60 and 62 (and/or other
standoff elements) have shoulders that form oftsets for setting the gap spacing.

FIGS. SA-5E show layers of electrolysis cell 10 1in various assembly
stages. FIG. SA illustrates cell 10 in a final stage of assembly. FIG. 5B
illustrates cell 10 with housing tube 50 removed, exposing outer electrode
cylinder 20. End caps 60 and 62 have shoulders 80 and 82 on which housing
tube 50 1s mounted (in FIG. 5A) and which define the radial gap between
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housing tube 50 and outer electrode cylinder 20. FIG. 5B shows a portion of the
mesh pattern of electrode 20.

FIG. 5C illustrates cell 10 with outer electrode 20 and end cap 62
removed, exposing 1on-selective membrane 18. End cap 60 further includes
shoulder 84 on which outer electrode 20 1s mounted (1in FIG. 5B) and which
defines the radial gap between outer electrode 20 and ion-selective membrane
18. In addition, an offset ring 86 1s molded onto or otherwise attached to inner
electrode cylinder 22 to provide a similar a shoulder on the other end of cell 10
for mounting the outer electrode 20 (as shown in FIG. 5B). For example, offset
36 can have a cylindrical slot for receiving an end of inner electrode cylinder 22.

As shown in FIG. 5 C, ion-exchange membrane 18 has a length along the
longitudinal axis of cell 10 that 1s shorter than the distance between end cap 60
and offset 86, which exposes end portions of inner electrode cylinder 22 and
promotes liquid flow along and between electrodes 20 and 22 and 1on-selective
membrane 18.

FIG. 5D 1llustrates cell 10 with 1on-selective membrane 18 removed,
exposing inner electrode cylinder 22.

FIG. SE 1s a sectional view of cell 10 taken along lines D--D of FIG. 5D
and 1illustrates the solid inner core 52 positioned within the interior of inner
electrode cylinder 22. In one example, inner electrode cylinder fits within a
cylindrical slot in end cap 60 and a similar slot in offset 86, which define a small
radial gap between the inner diameter surtace of inner electrode cylinder 22 and
the outer diameter surface of solid inner core 52 to allow fluid flow along the
gap, for example. The gap 1s not visible in FIG. SE.

FIGS. 6 A-6C 1llustrate solid inner core 52 in greater detail. FIG. 6A 1s a
perspective view of core 52, FIG. 6B 1s an end view of core 52, and FIG. 6C 1s a
side plan view of core 52. Each end of core 52 has a set of circumferentially-

spaced slots 90 and interleaved legs 92. The legs 92 support end caps 60, 62 and
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offset 86, while slots 90 promote fluid flow through inlet/outlet 63 and
inlet/outlet 65 and up into the gaps along and between the electrodes 20, 22.
The slots also assist to merge the flow of the anolyte EA liquid produced in the
anolyte chamber with the tlow of the catholyte liquid produced in the catholyte
chamber upon exit through the outlet of cell 10.

FIGS. 7A-7C 1illustrate the features of inner electrode cylinder 22 as
assembled with end cap 60 and offset 86 and show sample dimensions of
various features. FIG. 7A 1s a top plan view of cell 10, FIG. 7B 1s a side plan
view of cell 10, and FIG. 7C 1s a sectional view of cell 10 taken along lines E--E
of FIG. 7B.

Similarly, FIGS. 8A-8C 1illustrate the features of outer electrode cylinder
20 as assembled with end cap 62 and show sample dimensions of various
features. FIG. 8A 1s a top plan view of cell 10, FIG. 8B 1s a side plan view of
cell 10, and FIG. 8C 1s a sectional view of cell 10 taken along lines F--F of FIG.
3B.

FIGS. 9A-9D 1illustrate housing tube 50 in greater detail. FIG. 9A 1s a
perspective view of tube 50, FIG. 9B 1s a top plan view of tube 50, FIG. 9C 1s a
side plan view of tube 50, and FIG. 9D 1is a sectional view of tube 50 taken
along lines G--G of FIG. 9C.

In the example shown above, the outer electrode 20, inner electrode 22
and 1on-selective membrane 18 are cylindrical and substantially coaxial with one
another. The 10on-selective membrane 18 divides the cell into first and second
reaction chambers, one between the outer electrode 20 and the 1on-selective
membrane 18 and another between the inner electrode 2 and the ion-selective
membrane 18. Depending on the relative polarities of the voltages applied to the
inner and outer electrodes, one chamber 1s an anode chamber and the other 1s a

cathode chamber.
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The anode and cathode chambers are fluidically coupled to one another
at the inlet and outlet of the cell without any valves to switch a particular flow
stream from one chamber to the other chamber.

In this particular example, the outer and inner electrodes 20, 22 are
longer than the 1on-selective membrane 18, with the ends of the outer and inner
electrodes extending beyond both ends of the 1on-selective membrane as shown
in FIGS. 4A and 4B. This promotes the flows at each end of the anode chamber
and cathode chamber to join one another, beyond the longitudinal edges of the
membrane. Also, the electrodes and end caps are arranged to allow the joined
flows to pass together from the cell inlet through the inner electrode and into the
anode and cathode chambers, and to pass from the anode and cathode chambers
together through the inner electrode to the cell outlet.

In an alternative example, the inner and outer electrodes and the 1on-
selective membrane have the same lengths, and the flows along the anode and
cathode chambers join at the longitudinal edges of the electrodes and membrane.
In a further example, the inlet and/or outlet to and from the cell 1s not located
along the longitudinal axis of the cell. For example, the inlet and/or outlet can
pass through the housing tube 50 or off-axis through an end cap. In a further
example, the inlet and outlet can both be located at the same end of the cell. For
example, the cell can have multiple, coaxial electrodes and 1on-selective
membranes that form multiple, coaxial chambers that are connected in series
with one another to create a serpentine flow path. In yet a further example, the
cell can include multiple, coaxial electrodes and 1on-selective membranes that
form multiple, coaxial anode and/or cathode chambers that are coupled in
parallel with one another, with an inlet at one end and an outlet at the other end
of the cell. In a further example, inner solid core 52 1s removed and inner

electrode cylinder 22 1s formed as a solid cylinder or rod. In yet a further
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example, the anode and cathode chambers can have separate inlets and outlets to
and from the cell. Other variations can also be used.

Although the present disclosure has been described with reference to one
or more embodiments, workers skilled in the art will recognize that changes may
be made in form and detail without departing from the scope of the disclosure

and/or the appended claims.
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The embodiments of the invention in which an exclusive property or privilege 1s claimed

are defined as follows:

1. An electrolysis cell comprising:

a combined inlet and combined outlet;

coaxial, inner and outer electrodes;

a membrane located in a gap between the inner and outer electrodes and forming
respective first and second electrolysis reaction chambers on opposing sides of the membrane,
wherein fluid flow paths along the first and second chambers join together as a combined inlet
flow path from the combined inlet and as a combined outlet flow path through the outlet without
any valves; and

a solid inner core located within an interior of the inner electrode, wherein at least a
portion of a volume of space within the interior of the inner electrode is blocked to fluid flow
along a longitudinal axis of the inner electrode, such that the combined inlet flow path is directed
from the inlet to the first and second reaction chambers, and wherein:

the solid inner core is cylindrical and comprises first and second ends;
at least one of the first or second ends comprises a set of circumferentially-
spaced slots and interleaved legs; and

the fluid flow paths pass through the sets of slots of the solid inner core.

2. The electrolysis cell of claim 1, wherein the combined outlet flow path passes through

the inner electrode.

3. The electrolysis cell of claim 1, wherein the combined inlet flow path and the combined

outlet flow path pass through the inner electrode.

4. The electrolysis cell of claim 3, wherein:
the inner electrode is porous to fluid flow;

the inner electrode comprises a central longitudinal section and first and second end

longitudinal sections;

the inlet flow path and the outlet flow path are fluidically coupled to a volume of space
within an interior of the first and second longitudinal sections, respectively; and

the portion of the volume of space within the interior of the central longitudinal section is
blocked to fluid flow along the central longitudinal section, such that the inlet flow path and the

outlet flow path pass radially through the inner electrode.
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5. The electrolysis cell of claim 1, wherein:
the 1on-exchange membrane has a length along a longitudinal axis of the cell, which 1s

shorter than lengths of the inner and outer electrodes.

6. The electrolysis cell of claim 5, wherein the inner and outer electrodes each have first
and second opposite ends that extend beyond first and second opposite ends of the ion-selective
membrane to form third and fourth electrolysis chambers with no 1on-selective membrane
between the inner and outer electrodes, at longitudinally-opposed ends of the first and second

electrolysis chambers.

7. The electrolysis cell of claim 1, wherein the inner electrode, outer electrode and

membrane are cylindrical.

8. The electrolysis cell of claim 1 and further comprising:
a first end cap 1n which combined the inlet 1s formed; and
a second end cap in which the combined outlet is formed, wherein the first and second

end caps support the inner and outer electrodes at a desired axial spacing from one another.

9. A method comprising:

a) passing a liquid through an electrolysis cell comprising, combined inlet, combined
outlet, coaxial inner and outer electrodes, and an 1on-selective membrane located in a gap
between the inner and outer electrodes, which forms respective first and second electrolysis
reaction chambers on opposing sides of the membrane, wherein fluid flow paths along the first
and second chambers join together as a combined inlet flow path through the combined inlet and
a combined outlet flow path through the combined outlet without valves;

b) blocking at least a portion of a volume of space within an interior of the inner
electrode to fluid flow along a longitudinal axis of the inner electrode with a solid inner core
located within the interior of the inner electrode, such that the combined inlet flow path is
directed from the inlet to the first and second reaction chambers and wherein:

the solid inner core is cylindrical and comprises first and second ends;

at least one of the first or second ends comprises a set of circumferentially-

spaced slots and interleaved legs; and

the fluid flow paths pass through the sets of slots of the solid inner core; and

¢) applying an energization voltage between the inner and outer electrodes.
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10. The electrolysis cell of claim 1, further comprising a gap between the solid inner core

and the inner electrode.

11. An electrolysis cell comprising:

a combined inlet and combined outlet;

coaxial, inner and outer electrodes; and

a membrane located in a gap between the inner and outer electrodes and forming
respective first and second electrolysis reaction chambers on opposing sides of the membrane,
wherein fluid flow paths along the first and second chambers join together as a combined inlet
flow path from the combined inlet and as a combined outlet flow path through the outlet without
any valves,

wherein the combined inlet flow path and the combined outlet flow path pass radially

through the inner electrode to the first and second electrolysis reaction chambers.

12. The electrolysis cell of claim 11, wherein:
the inner electrode is porous to fluid flow;

the inner electrode comprises a central longitudinal section and first and second end

longitudinal sections;

the inlet flow path and the outlet flow path are fluidically coupled to a volume of space
within an interior of the first and second longitudinal sections, respectively; and

the portion of the volume of space within the interior of the central longitudinal section is

blocked to fluid flow along the central longitudinal section, such that the inlet flow path and the

outlet flow path pass radially through the inner electrode.
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