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ABSTRACT

An electrolytic ozone generator for use with a faucet and methods for assembling and

using the same.
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OZONE GENERATOR FOR A FAUCET

FIELD OF THE DISCLOSURE

10001} The present disclosure relates to an ozone generator. More particularly, the
present disclosure relates to an electrolytic ozone generator for use with a faucet, and to methods

for assembling and using the same.

BACKGROUND AND SUMMARY OF THE DISCLOSURE

[0002] An clectrolytic ozone generator may be used to produce ozone in water. The
ozone may perform a beneficial disinfecting function by destroying bacteria and pathogens in the
water. However, existing ozone generators are olten difficult to assemble and repair, and may

suffer from slow water flow.

[0003] The present disclosure provides an electrolytic ozone generator tor use with a

faucet and to mcthods for assembling and using the same.

[0004] According to an illustrativé embodiment of the present disclosure, an ozone
generator is provided for use with a faucet, the ozone generator including an outer cartridge and
an electrolytic cell assembly rcceived within the outer cartridge. The electrolytic cell assembly
includes a first housing, an anode coupled to the first housing, a second housing, a cathode

coupled to the sccond housing, a separator positioned between the anode and the cathode, and a

holdcr that couples the first housing to the sccond housing independently of the outer cartridge.

[0005] According to another illustrative embodiment of the present disclosure, an ozonc
generator 1s provided for use with a faucet, the ozone gencerator including a first housing, a first
current spreader overmolded by the first housing, an anodc in clectrical communication with the
first current spreader, a second housing, a second current spreader overmolded by the second
housing, a cathode in electrical communication with the sccond current spreader, and a separator

between the anode and the cathode.
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[0006] According to a further illustrative embodiment of the present disclosure, an ozone
oenerator system for use with a faucet includes a mixing valve having a cold water inlet tluidly
coupled to a cold water source, a hot water inlet fluidly coupled to a hot water source, and an
outlet 1n selective fluid communication with the cold water inlet and the hot water inlet, and a
valve body having a first valve receiving chamber, a second valve receiving chamber, and an
ozone generator receiving chambcer, and an outlet passageway. The ozone generator system
{urther includes an ozone generator received within the ozone generator receivin o chamber, a
first electrically operable valve received within the first valve recetving chamber and configured
to control watcr flow from the outlet of the mixing valve to the outlet passageway of the valve
body, and a second electrically operably valve received within the second valve receiving

chamber and configured to control water flow from the cold water source to the ozone generator.

BRIEEF DESCRIPTION OF THE DRAWINGS

[0007] The above-mentioned and other featurcs and advantages of this disclosure, and
the manner of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of embodiments of the invention taken 1n

conjunction with the accompanying drawings, wherein:

[0008] FIG. 1 is an assembled perspective view of an exemplary ozone gencrator of the

present disclosure;

[0009] FIG. 2 is a cross-sectional view of the ozone generator of FIG. 1, taken along line
2-2 of FIG. 1;
(0010} FIG. 3 is another cross-sectional view of the ozone generator of FIG. 1, taken

aiong line 3-3 of FIG. 1, and showing the {luid pipe;

[0011] FIG. 4 is an exploded perspective view of the ozone gencrator of FIG. 1, the
ozonc generator including first and sccond housings, {irst and second current spreaders, first and

sccond frames, first and sccond electrodes, and a scparator;
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[0012] FIGS. 5A-5D are plan views of exemplary electrodes for use in the ozone
generator of FIG. 1;

[6013] FIG. 6 is an exploded perspective view of the first housing, the first current

spreader, the first frame, the {irst electrode, and the scparator ot FIG. 4;

[0014] FIG. 7 is a perspective view of the first and second housings of FIG. 4;

[0015] FIG. 8 is a perspective view of the first and second current spreaders ot FIG. 4;
[(?016] FIG. 9 is a perspective view of the first and second frames of FIG. 4;

[0017] FIG. 10 is a schematic VicW of the ozone generator of FIG. 1 1n ﬂuid

communication with a faucet; and

[0018] FIG. 11 is an assembled perspective view of a further exemplary ozone generator

of the present disclosure;

[0019] FIG. 12 is a cross-sectional view of the ozonc generator of FIG. 11, taken along

linc 12-12 ot FIG. 11;

[0020] FIG. 13 is another cross-sectional view of the ozone generator of FIG. 11, taken

along linc 13-13 of FI1G. 11;

[0021] FIG. 14 is an exploded perspective view of the ozone generator of FIG. 11, the

ozone generator including first and sccond housings, first and second current spreaders, first and

second frames, first and second electrodes, and a scparator;

[0022] FIG. 15 is an exploded perspective view of the first housing, the tirst current

spreader, the first frame, the first electrode, and the scparator of FIG. 14;

[0023] FIG. 16 is a right perspective view of an illustrative system including an ozone

generator of the present disclosure;
[0024] FIG. 17 is left perspective view of the illustrative system ot FIG. 16;

[0025] FIG. 18 is an exploded perspective view of the illustrative system ot FI1G. 17;
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(0026] FIG. 19 is a cross-sectional view taken along line 19-19 of FIG. 16;

[0027] FIG. 19A is detail view of FIG. 19, showing the cold water solenoid valve 1n a

closed position;

[0028] FIG. 19B is a detail view of FIG. 19, showing the cold water solenoid valve 1n an

open position;

0029} FIG. 20 is a cross-sectional view taken along line 20-20 of FIG. 16;

[0030] FIG.211sa cross—sectionai vicw taken along line 21-21 of FIG. 16;

[0031] FIG. 22 is a cross-sectional view taken along line 22-22 of FIG. 16;

[0032] FIG. 23 is a cross-sectional view taken along linc 23-23 of FIG. 17;

(0033] FIG. 24 is a cross-sectional view taken along line 24-24 of FIG. 16;

[0034] FIG. 25 is a first partially exploded perspective view of the system of FIG. 17;
[0035] FIG. 26 is a second partially exploded perspective view of the system of FI1G. 17
and

[0036] FIG. 27 is a side view, in partial cross-section, of the solenoid housing of FIG. 25.
[0037] Corresponding refercnce characters indicate corresponding parts.throughout the

scveral views. The exemplifications sct out herein illustrate exemplary cmbodiments of the
invention and such exempliflications are not to be construed as limiting the scope of the invention

1N any manner.

DETAILED DESCRIPTION OF THE DRAWINGS

[6038] An exemplary ozone generator 100 of the present disclosurc 1s shown in FIGS. 1-

4. The illustrative ozone gencrator 100 has an inlet end 102, an outlet end 104, and a

longitudinal axis L extending therebetween.



CA 02946465 2016-10-26

[0039] As shown in FIGS. 1-3, the ozone generator 100 includes an outer pipe fitting
110, an outer cylindrical cartridge 112, and one or more outer sealing rings 114 surrounding the
cartridge 112. The pipe fitting 110 and the cartridge 112 define a space 116 therebetween for
recerving a fluid pipe 117 (FIG. 3). More particularly, the pipe fitting 110 1s internally threaded
to mate with externally threaded fluid pipe 117. The sealing rings 114, illustratively elastomeric
o-rings, promote a sealed connection between the pipe fitting 110, the cartridge 112, and the

tluid pipe 117.

[0040] As shown in FIG. 4, the ozone generator 100 further includes an clectrolytic cell
assembly 120 located inside the cartridge 112, The illustrative electrolytic cell assembly 120
il?cludes a first housing or carrier 130a and a second housing or carrier 130b, a first current
spreader 140a and a second current spreader 140Db, a first frame 150a and a second frame 150a, a
first clectrode 160a and a second electrode 160b, and an clectrolytic separator 170. Each
component of the clectrolytic cell assembly 120 is described further below with continued

reference to FIG. 4.

[0041] The first and second housings 130a, 130b of the clectrolytic cell assembly 120 are
compressced togcther with the other components of the electrolytic cell assembly 120 being
n;cchanically and electrically sandwiched therebetween. In FIG. 4, one or more scaling rings
132, illustratively elastomeric o-rings, are. positioned around the housings 130a, 130b to hold the
housings 130a, 130b together. Each housing 130a, 130b may be gencrally rectangular in cross-
section except for the areas of rings 132, which may be gencerally semi-circular 1n cross-section.
According to an exemplary cmbodiment of the present disclosure, the housings 130a, 130b are
held together by the sealing rings 132 independently of the outer cartridge 112 to facilitate
storage and asscmbly of the electrolytic cell assembly 112, with or without cartridge 112 1n
placc. It is also within the scopce of the present disclosure that the first and second housings
130a, 130b may be clamped, [astencd, or othcrwise held together. The housings 130a, 130b are
constructed of an electrically insulating matcrial, such as a polymer. An cxemplary polymer i1s

the Udel® P-1700 polysulfone material available from Solvay Plastics.

10042] The first and second current sprcaders 140a, 140b of the elcctrolytic cell assembly

120 mate with the first and second housings 130a, 130b, respectively. According to an
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exemplary embodiment of the present disclosure, the first and second housings 130a, 130b are
overmolded onto the first and second current spreaders 140a, 140b, respectively, to form
integral, pre-assembled, water-tight, hermetically-sealed components without the need for
additional seals (c.g., epoxy). The current spreaders 140a, 140b are constructed of an electrically
conductive material, such as titanium or another suitable material. The first current spreader
140a includcs a first terminal 142a that extends out of the first housing 130a 1n a sealed manner
for electrical communication with a first wire lead 144a. The first terminal 142a 1s illustratively
planar and supports tabs 143a which are configurcd to be crimped onto the first wire lead 144a.
Likewise, the second current spreader 140b includes a second terminal 142b that extends out of
the second housing 130b in a sealed manner for elcctrical communication with a second wire
lead 144b. The second terminal 142b is illustratively planar and supports tabs 143b which are

configured to be crimped onto the second wire lead 144b.

[0043] The first current spreader 140a also includes a first rectangular body 145a
defining a first opening 146a that is sized and shaped to receive and exposc the first electrode
160a, as discussed further below. Likewise, the second current spreader 140b includes a second
rectangular body 145b defining a second opening 146b that is sized and shaped to receive and
e%pose the second electrode 160b, as discussed further below. The bodics 145a and 145b are
illustratively planar wherein the openings.146a, 146b in the current spreaders 140a, 140b may be
flush with the surrounding housings 130a, 130b. Between the first terminal 142a and the first
opening 146a, the first current spreader 140a may be surrounded by the overmolded material of
the first housing 130a in a sealed manner, as shown in FIG. 3. Likewise, between the sccond
terminal 142b and the second opcning 146b, the second current spreader 140b may be

surrounded by the overmolded material of the second housing 130b 1n a scaled manner.

10044] The first and second frames 150a, 150b of the electrolytic cell assembly 120 matc
with the first and second housings 130a, 130b, respectively. The frames 150a, 150b arc
constructed of an electrically insulating material, such as a polymer. An exemplary polymer 1s
the Udel® P-1700 polysulfone material available from Solvay Plastics. The first frame 150a
includes a first scalloped opening 152a that is sized and shaped to receive the first electrode 160a
in clectrical communication with the first current spreader 140a. Likewise, the sccond frame

150b includes a second scalloped opcning 152b that is sized and shaped to receive the second
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clectrode 160b in electrical communication with the second current spreader 140b. The [irst and
second frames 150a, 150b may cooperate with the first and second overmolded housings 130a,
130b to otherwise shicld or insulate the first and second current spreaders 140a, 140b,

respectively, to prevent electrical contact between the first and second current spreaders 140a,

140b.

[0045] The first and second electrodes 160a, 160b of the electrolytic ccll assembly 120
arc received within the first and second frames 150a, 150b, respectively. Each electrode 160a,
160b may have a back side 162a, 162b that interacts with the adjacent current spreader 140a,
140b, respectively, and a {ront side 164a, 164b that intcracts with the separator 170. An
exemplary electrode 160a, 160b 1s constructed of boron-doped silicon or another suitable
material. The silicon material may serve as an insulator to resist scale formation, while the
doped boron may serve as a conductor. The silicon material may be about 400-600 microns
thick, such as about 500 microns thick. The front side 164a, 164b of each electrode 160a, 160b
may have a boron-doped diamond coating or another suitable coating. The coating may be about
3-8 microns thick. The coating may be applied to the underlying silicon material by chemical
vapor deposition (CVD) or another suitable deposition technique. The illustrative clectrodes
160a, 160b arc generally rectangular in shape, having a width of about 8 millimeters and a length

of about 10 millimeters, although the size and shapc of the electrodes 160a, 160b may vary.

[00406] As discussed further below, the clectrodes 160a, 160b communicate with the
water flowing through the electrolytic cell assembly 120. Each electrode 160a, 160b may

include a plurality of water passageways 166 (e.g., slots) to increase the exposed surface area ot
each clectrode 160a, 160b for communication with water and to allow water flow through each
clectrode 160a, 160b. To allow for precisce control of their size and shape, the water
passageways 166 may bc lormed using deep reactive 1on etching (DRIE) or another suitable

technique.

[0047] Various electrodes 160-160" having different configurations of water
passageways 166-166"" arc shown in FIGS. 5A-5D. In FIG. 5A, the clectrode 160 includes a
relatively large number of (specifically 34) straight water passageways 166. Electrode 160 may
be referenced as having a “fine” design. Ih FI1G. 5B, the electrode 160° includes a relatively

small number of (spccifically 22) straight water passageways 166°. Electrode 160° may be
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referenced as having a “sparse” design. In FIG. 5C, the electrode 160 includes an mtermediate
number of (specifically 26) water passageways 166" that vary in width repeatedly across their

~ length from a widened bulbous shapc to a narrowed straight shapc. Electrode 160” may be
referenced as having a “knotted” design. In FIG. 5D, the electrode 160" includes a relatively
stmall number of (specifically 22) water passageways 1667 that deviate side-to-side in a zig-zag
or wave-like pattern across their length. Elcctrode 160” may be referenced as é “serpentinc”

design.

[0048] Additional details of illustrative electrodes 160 are provided in U.S. Provisional
Patent Application Serial No. 62/191,741, filed July 13, 2015, entitled “Electrode for an Ozone

Generator”, the entire disclosure of which 1s expressly incorporated hercin by reference.

[0049] The separator 170 of the electrolytic cell assembly 120 is positioned between the
first and second electrodes 160a, 160b. The separator 170 is a proton exchange'membrane
(PEM) designed to conduct protons between the electrodes 160a, 160b. The scparator 170 may
be constructed of a solid polymer electrolyte (SPE) membrane. An exemplary SPE membrane is
a polytctrafluorocthylene (PTFE) / perfluorosulfonic acid (PFSA) copolymer membrane, which
is commercially available from DuPont' " as a Nafion” membrane. Because pressures on the
separator 170 are balanced, the separator 170 may bc a thin, cast film. The thin separator 170
may allow for some cross-diffusion of water, hydrogen, and/or oxygen without negatively
impacting the performance of the electrolytic cell assembly 120. In fact, such diffusion may
promote efficiency and output by reducing polarization voltage associated with dehydration and
reducing bulk ion resistance. An exemplary separator 170 may be about 20-30 microns thick,

such as about 25 microns thick.

[0050] Referring next to FIGS. 6-9, the components of the clectrolytic cell assembly 120
may include registration features to facilitate the assembly process and, once assembled, to
producc stable mechanical connections between the components. For example, the first housing
130a may include one or more posts 180 that register with corresponding holes 182 in the second
housing 130b. As another example, the first frame 150a may include one or more posts 190 that
register with corresponding holes 192 in the separator 170, corresponding notches 194 1n the
sccond frame 150b, and corresponding holes 196 1n both housings 130a, 130b The outer
pcrimeter of the electrodes 160a, 160b may be smaller than the arca defined by the posts 190 1n
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the frames 150a, 150b to avoid the need lor forming corresponding registration holes in the
ctectrodes 160a, 160b, which could risk damage to the fragile electrodes 160a, 160b and reduce

the active area of the electrodes 160a, 160b.

[0051] Corresponding components of the electrolytic cell assembly 120 may be identical
in construction and rotated into the desired orientation. As shown in FIG. 7, the same housing
component may be placed in a first orientation for use as the first housing 130a or rotated 180
degrees about the longitudinal axis L for use as the second housing 130b. The housing
component may have opposite registration features located on opposite sides of the longitudinal
axis L such that, when rotated, the registration posts 180 on the first housing 130a correspond
with the registration holes 182 in the second housing 130b, and vice versa. As shown 1n FIG. 8,
the same current spreader component may be placed 1n a first orientation for use as the first
current spreader 140a or rotated 180 degrees about the longitudinal axis L for use as the second
current spreader 140b. As shown in FIG. 9, the same frame component may be placed 1n a first
orientation for usc as the first frame 150a or rotated 180 degrees about the longitudinal axis L for
use as the second frame 150b. The frame component may have opposite registration features
located on opposite sides of the longitudinal axis L such that, when rotated, the rcgistration pOSts
190 on the first frame 150a correspond with notches 194 in the second frame 150b, and vice
versa. Advantagcously, these identical constructions may reduce manufacturing, inventory, and

replacement costs and may facilitate the assembly proccess.

[0052] Returning to FIG. 3, the ozonc generator 100 defines a first water tlow path 200a
in fluid communication with the first electrode 160a and a seccond water flow path 200b 1n fluid
cé)mrnunication with the second electrode 160b. The first water tlow path 200a 1s illustratively
formed between the outer cartridge 112 and the first housing 130a, and the second water flow
path 200b is illustratively formed between the outer cartridge 112 and the second housing 130b.
Advantageously, forming the {low paths 200a, 200b between the cartridge 112 and the housings
130a, 130b may ease mold design, tooling, and molding. Also, forming the tlow paths 200a,
200b between the cartridge 112 and the housings 130a, 130b may take advantage of the sealing
rings 132 around the housings 130a, 130b to force the water flow through the desired tlow paths
200a, 200b, not {reely around the housings 130a, 130b.
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(0053} The first water flow path 200a 1s described further herein, but the same
description may apply to the second water flow path 200b. In FIG. 3, the first water flow path
200a begins at a first inlet 202a located 1n the cylindrical sidewall of the cartridge 112. From the
first inlet 202a, the first water tflow path 200a travels around a first ribbed barrier 204a that
projects inwardly from the first housing 130a. Spccifically, the first water flow path 200a
travels: (1) toward the back side 162a of the first electrode 160a 1n a direction perpendicular to
the first electrode 160a and the longitudinal axis L, (2) around a 90 degree bend, (3) across the
back side 162a of the first clectrode 160a in a direction parallel to the first electrode 160a and the
longitudinal axis L, (4) around another 90 degree bend, and (5) away from the back side 162a ot
the first electrode 160a in a dircction perpendicular to the first electrode 160a and the
longitudinal axis L. Finally, the {irst water flow path 200a travels to a first outlet 206a located in
the longitudinal end of the cartridge 112. Upon exiting the cartridge 112, the first water flow

path 200a may rc-combine with the second water flow path 200b.

[0054 ] The water flow paths 200a, 200b may be designed to create high water velocity
with low turbulence across the electrodes 160a, 160b. Creating a high water velocity may help
flush away bubbles from the clectrodes 160a, 160b when the bubbles are still small in size,
belore they have time to rest and cxpand, thereby making room for more water to contact the
electrodes 160a, 160b, avoiding bubble attachment on the clectrodes 160a, 160b, and avoiding
entrapment of gas products in large bubbles. Creating a high water velocity may also promote
hydration of the separator 170. In certain embodiments, the height of the gap or clearance 208a
between the first barrier 204a in the first housing 130a and the back side 162a of the first

electrode 160a may be controlled to optimize the watcr flow therebetween.

[0055] In operation, electric current is applied to the electrodes 160a, 160b causing
electrolysis to occur in the clectrolytic cell assembly 120. Specifically, a positive electric
poicntial is applicd to one electrode (e.g., the first electrode 160a) to form an anodc, and a
negative electric potential is applied to the other electrode (¢.g., the sccond electrode 160b) to
form a cathode. As a result, a voltage differential may be produced across the tirst electrode
160a and the second electrode 160b. The clectric potential may be applied using a power source
(not shown), which may be coupled to the first and sccond terminals 142a, 142b via first and
second leads 144a, 144b, respectively. The water flowing through the electrolytic cell assembly

120 may serve as the electrolytic solution without the need for an additional clectrolytic solution.

10
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[0056] At the positive anode (e.g., the first electrode 160a), the water 1s electrolyzed and
broken down into oxygen 1ons and hydrogen 1ons. At least some of the oxygen 10ns are
converted to ozone (O3) duc to the higher over-potential voltage of the conductive diamond
coating on the anode. The ozone may dissolve into the water to perform a disinfecting fuﬁction
in the water. The remaining oxygen ions may be converted to more stable oxygen (O;), which
may have little value in this application. Electrons {from the clectrolyzed water are transported to
the cathodec (c.g., the second electrode 160b) via the leads 144a, 144b, while hydrogen ions (1.€.,
protons) from the electrolyzed water are transported to the cathode across the separator 170. At
the cathode, the hydrogen ions and the electrons from the clectrolyzed water recombine to form
hydrogen (H;) bubbles. The water streams passing over the electrodes 160a, 160b sweep away
the O3 and O, from the anode and the H» from the cathode. The same water strcams also supply

fresh water to replenish the water consumed during electrolysis.

[0057] In certain embodiments, the polarity of the electrolytic cell assembly 120 may bce
selectively reversed to reduce scale build-up. In a first state, the first clectrode 160a may serve
as the anode, and the second electrode 160b may serve as the cathode, for example. In a second
state, the first electrode 160a may be switched from the anode to the cathodc, and the second
electrode 160b may be switched from the cathode to the anode. The reversed state may also
force water through the separator 170 to pre-hydrate the anode upon return to the first state. The

duration of the reverscd state may be relatively short, such as about 20 seconds or less.

[0058] Referring next to FIG. 10, the ozone generator 100 may be installed in fluid
communication with a faucet 1000. For example, the ozone generator 100 may be installed

b;eneath a sink deck 1002 in fluid communication with the faucet 1000. In certain embodiments,
the ozonc gencrated by the ozone generator 100 may remain in the water upon reaching the
faucet 1000 to continue performing the disinfecting function. In this embodiment, the ozone-
containing water from the faucet 1000 may be uscd as a disinfectant or a cleaning agent, for
example. In other embodiments, the ozone generated by the ozonc generator 100 may perform
an initial disinfecting function in the water but, before reaching the taucet 1000, the ozone may
be destroyed or otherwise removed from the water. For example, as shown in FIG. 10, a filter
1004 (e.g., a carbon black filter) may be provided downstream of the ozone generator 100 and

upstream of the faucet 1000, which gives the ozone from the ozone generator 100 time to

11
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initially trcat the water before being removed by the {ilter 1004. In this cmbodiment, the treated

watcr from the faucet 1000 may be used as drinking water, for example.

[0059] Additional information regarding an illustrative use of the ozone generator 100 18
disclosed in U.S. Patent Application Publication No. 2014/352799 to Rosko et al., entitled
“Ozone Distribution 1n a Faucet”, the entire disclosure of which is expressly incorporated herein

by reference.

[0060] Referring now to FIGS. 11-14, a further illustrative ozonc gencerator 1100 1s
shown as including many of the same components as ozone generator 100 detailed above. In the
following description, similar components to thosc of ozone generator 100 are 1dentitied with

like reference numbers.

(0061} The ozone generator 1100 includes an electrolytic cell assembly 1120 located
inside a cartridge 1112. The illustrative clectrolytic cell assembly 1120 includes a first housing
or carrier 1130a and a second housing or carrier 1130b, a first current spreader 1140a and a
second current spreader 1140b, a first frame 150a and a second frame 150b, a first electrode 160a

and a second electrode 160b, and a scparator 170.

[0062] The first and second housings 1130a, 1130b of the electrolytic cell assembly 120
are compressed together with the other components of the electrolytic cell assembly 1120 being
mechanically and electrically sandwiched therebetween. Scaling rings 132, illustratively
clastomeric o-rings, are positioned around the housings 1130a, 1130b to hold the housings
1130a, 1130b together. The housings 1130a, 1130b may be held together by the scaling rings

132 independently of the outer cartridge 1112 to facilitate storage and assembly of the

electrolytic cell assembly 1112, with or without cartridge 1112 in place. It 1s also within the
scope of the present disclosure that the first and second housings 1130a, 1130b may be clamped,
fastened, or otherwisc held together. The housings 1130a, 1130b are constructed of an
c!cctrically insulating material, such as a polymer. End caps 1131 and 1133 may be secured to
opposing ends of the cartridge 1112. End cap 1131 is illustratively a flow restrictor configured
to limit flow rate into the ozone generator 1100. End cap 1133 is illustratively an elastomeric

seal through which the wire Icads 1144a and 1144b extend.

12
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[0063] The first and second current spreaders 1140a, 1140b of the electrolytic cell
assembly 120 mate with the f{irst and second housings 1130a, 1130b, respectively. The current
spreaders 1140a, 1140b are constructed of an electrically conductive material, such as a wire
formed of titanium or another suitable material. The first current spreader 1140a includes a first
terminal 1142a that extends out of the first housing 1130a in a sealed manner for electrical
communication with a first wire lead 1144a. The first terminal 1142a is illustratively circular in
cross-section to define a pin connector for electrical communication with a conventional socket
1145a supported by the end cap 1133. An o-ring 1143a is received on the first terminal 1142a.
Likewise, the second current spreader 1140b includes a second terminal 1142b that extends out
of the second housing 1130b in a sealed manner for electrical communication with a second wire
lead 1144b. The second terminal 1142b is illustratively circular in cross-section to define a pin
conncctor for clectrical communication with a conventional socket 1145b supported by the end

cap 1133. An o-ring 1143b is received on the second terminal 1142b.

[0064] The first current spreader 1140a also includes a first rectangular bo'dy 1147a
defining a first opening 1146a that is sized and shaped to receive and expose the first clectrode
160a. Likewise, the second current spreader 1140b includes a second rectangular body 1147b
d;:fining a second opening 1146b that is sized and shaped to receive and expose the sccond
electrode 160b. The bodics 1147a and 1147b arc illustratively planar wherein the openings
1146a, 1146b in the current sprcaders 1140a, 1140b may be flush with the surrounding housings
1130a, 1130b. The bodies 1147a and 1147b define a closed loop to provide enhanced contact

with the electrodes 160a and 160b, respectively.

[0065] With reference now to FIGS. 16-27, an 1llustrative ozone system 1200 for use
with faucet 1000 is shown as including ozone generator 1100. In the following description,
similar componcnts to those of ozone generator 1100 detailed above are identified with hike
reference numbers. It should be apprcciated that other ozone generators, such as ozone gencerator

100, may be also used in the ozone system 1200.

[0066] Referring to FIGS. 16-18 and 21, a solcnoid valve body 1202 includes an ozone
generator receiving chamber 1204 receiving the ozone generator 1100. External threads 1206 of

the solenoid valve body 1202 cooperate with the internally threaded pipe fitting 110 of the ozone
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generator 1100. Sealing rings 114 promote a scaled connection between the pipe fitting 110, the

cartridge 1112, and the solenoid valve body 1202 (FIG. 21).

[0067] With reference to FIGS. 18 and 22, first, or mixed walter, pilot operated
diaphragm solenoid valve 1210a is received within a first valve receiving chamber 1212a of the
valve body 1202. A second, or ozone, pilot operated diaphragm solenoid valve 1210b i1s
received within a sccond valve receiving chamber 1212b of the valve body 1202. As further
detailced herein, the valve receiving chamber 1212b 1s in fluid communication with the ozone
gencrator receiving chamber 1204 through the valve body 1202. Inlet housings'or retainers
1214a and 1214b secure the solenoid valv‘cs 1210a and 1210b within the valve receiving
chambers 1212a and 1212b. More particulérly, the inlet retainers 1214a, 1214b each include a
retainer body 1215a, 1215b supporting cxternal threads 1216a, 1216b that mate with internal
threads 1218a, 1218b of the valve body 1202 to secure the inlet retainers 1214a, 1214b within
the valve receiving chambers 1212a, 1212b. The retainer bodies 1215a, 1215b include connector
tubes 1219a, 1219b extend outwardly from valve body 1202. Fluid passagcways 1220a, 1220b
extend through the inlet retainers 1214a, 1214b. Secaling rings 1222a, 1222b promote sealed

connections between the retainers 1214a, 1214b and the solenoid valve body 1202.

[0068] Referring now to FIGS. 22-24, each valve receiving chamber 1212a, 1212b ol the
valve body 1202 includes a cylindrical side wall 1224a, 1224b extending upwardly trom a base
1226a, 1226b. A first radial opening or slot 1228a in the side wall 1224a provides tluid
communication between the valve receiving chamber 1212a (and the first solenoid valve 1210a)
and an outlet passageway 1230 (FIG. 24). A second radial opening or slot 1228b in the side wall
1224b provides fluid communication between the valve receiving chamber 1212b (and the first
solenoid valve 1210a) and the ozone generator receiving chamber 1204 (and the ozonc generator
1100). After passing through the ozone generator 100 in the manner further detailed above,

water {lows to the outlet passageway 1230 (FIG. 24).

[0069] With reference to FIGS. 18 and 19, a support, illustratively a printed circuit board
1232 supports the solenoid valves 1210a and 1210b. Each of the solenoid valves 1210a and

1210b arc substantially identical and illustratively includes a main valve disc or diaphragm

1234a, 1234b, a diaphragm housing 1236a, 1236b, a solenoid polc 1238a, 1238b, a seal 1240a,

14
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1240b, a solenoid armature 1242a, 1242b, a helical compression spring 1244a, 1244b, and a
magnet 1246a, 1246b. The diaphragm housing 1236a, 1236b includes a base 1250a, 1250b
having an upper surfacc 1252a, 1252b and a lower surface 1254a, 1254b. An o-ring 1255a,
1255b 1s positioned between the lower surface 1254a, 1254b of the diaphragm housing 12364,
1236b and the basc 1226a, 1226b of the valve receiving chamber 1212a, 1212b. As shown in
FIGS. 25 and 26, a cylindrical side wall 1256a, 1256b extends upwardly from the upper surface
1252a, 1252b of the base 1250a, 1250b. A center post 1238a, 1258b extends upwardly from the
upper surface 1252a, 1252b of the base 1250a, 1250b and includes an axial water slot 1260a,

1260b.

[0070] Referring now to FIGS. 19-19B, 26 and 27, a valve seat 1262a, 1262b 1s
supported by the lower surface 1254a, 1254b of the base 1250a, 1250b. An opening 1264a,
1264b extends within the valve scat 1262a, 1262b and 1s 1n tluid communication with a lateral

passageway 1266a, 1266b within the diaphragm housing 1236a, 1236b. A T-shaped protrusion
1268a, 1268b cxtends downwardly from the lower surface 1254a, 1254b of the base 123504,
1250b and 1s received within locating slots 1270a, 1270b in the respective base 1226a, 1226b to

orient and rotationally sccure the diaphragm housing 1236a, 1236b relative to the receiving

chamber 1212a, 1212b of the valve body 1202.

[0071] With reference to FIGS. 18 and 19, solenoid coils 1276a and 1276b and
supporting brackets 1278a and 1278b are fixed to the printed circuit board 1232. As further

detailed herein, activation of the solenoid coil 1276a, 1276b causcs axial movement of the
solenoid armaturc 1242a, 1242b and the seal 1240a, 1240b away [rom the valve seat 1262a,
1262b and opening 1264a, 1264b of the diaphragm housing 1236a, 1236b. Spring 1244a, 1244b
Diases the armature 1242a, 1242b and seal 1240a, 1240Db into sealing engagement with the valve

scat 1262a, 1262b to prevent fluid {flow through opening 1264a, 1264b ol the diaphragm housing
1236a, 1236b.

[0072] With refercnce to FIGS. 16-18, a power supply (not shown) 1s illustratively
electrically coupled to the printed circuit board 1232 through an clectrical cable 1280 including a
wall plug 1282 at a first end and a connector 1284 at a second end. The wall plug 1282

tllustratively includes an AC to DC 24 volt switching power supply. The connector 1284 1s
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recerved within a socket 1286 supported by the printed circuit board 1232. Electrical cable 1244
of the ozone generator 1100 includes a connector 1290 coupled to a socket 1292 supported by
the printed circuit board 1232. A controller 1294 i1s illustratively supported by the printed circuit
board 1232, and may include a constant current light emitting diode (LED) power integrated
ctrcuit (IC) chip. The IC chip is illustratively configured to maintain the current constant as the
resistance of the ozone generator 1100 changes over its life (e.g., due to accumulation on and/or

degradation of the electrodes).

[0073] Referring now to FIG. 17, a conventional mixing valve 1300 is illustratively in
tluid communication with the first and sccond solcnoid valves 1210a and 1210b. More
particularly, an outlet 1302 of the mixing valve 1300 is fluidly coupled to the {first solenoid valve
1210a through conventional fluid line 1303. Morce particularly, the fluid line 1303 is fluidly
coupled to the connector tube 1219a of the inlet retainer 1214a. A wye fitting 1304 1s {luidly
coupled to the sccond retainer 1214b. The wye fitting 1304 includes an inlet tube 1306 including
an inlet port 1308, and an outlet tube 1310 including a first outlet port 1312 and a second outlet
port 1314, The inlet port 1308 of the 1nlet tube 1306 1s 1llustratively fluidly coupled to a cold
water source 1316 through a conventional tluid line 1317, the first outlet port 1312 of the outlet
tube 1310 1s illustratively fluidly coupled (o the lirst solenoid valve 1210a through conncctor
tube 1219b of the inlet retainer 1214b, and the second outlet port 1314 of the outlet tube 1310a 1s
tllustratively fluidly coupled to a cold water inlet 1318 of the mixing valve 1300 through a
conventional fluid linc 1319. A hot water source 1320 1s tluidly coupled to a hot water 1nlet

1321 of the mixing valve 1300 through a conventional fluid line 1322.

[0074] A first screen filter 1324 1s 1llustratively positioned within the 1nlet port 1308. A
flow regulator or restrictor 1326 1s illustratively positioned to regulate water flow through the
[irst outlet port 1312 and sealed by an o-ring 1327. In onc illustrative embodiment, the flow
restrictor 1326 restricts flow to 0.5 gallons per minute (gpm). A check valve 1328 1s positioned
within the sccond outlet port 1314 to prev‘cnt backtlow of water from the mixing valve 1300 to
the seccond solenoid valve 1210b and sealed with o-rings 1330. A second screen filter 1332 18

lustratively positioned within the connector tube 1219a of the inlet retainer 1214a.

16
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[0075] An outlet fitting 1334 1s fluidly coupled to the outlet passageway 1230 in the
solcnoid valve body 1202. A fluid delivery device, illustratively a conventional pullout wand
1336 1s tluidly coupled to the outlet fitting 1334. O-rings 1338 are illustratively supported by the
outlet fitting 1334. A water flow meter 1340, illustratively a flow turbine 1342 rotatably
supported by flow meter bearings 1344 supported within the outlet fitting 1334. The flow
turbine 1342 measures the water tlow rate through the outlet fitting 1334 and 1s in electrical
communication with a sensor 1345 supported on the printed circuit board 1232. The sensor 1345
providcs a signal to the controller 1294 indicative of the measured water flow rate. In response,
the controller 1294 may control the current supplied to the ozone generator 1100 and the

resulting ozonc concentration in the water exiting thercfrom.

[0076] A rivet 13406, illustratively formed of an electrically conductive material (e.g.,
copper) 1s supported by the valve body 1202. The rivet 1346 includes a shaft 1348 sealed with
an o-ring 1350 and 1n thermal communication with water flowing through the outlet passageway
1230. A temperature sensor, illustratively a thermistor 1351, 1s illustratively supported by the
printed circuit board 1232 and is in electrical communication with the rivet 1346. The thermistor
1351 mcasures water temperature and provides a signal indicative thercof to the controller 1294.
In response, the controller 1294 may control the current supplied to the ozone generator 1100

and the resulting ozone concentration in the water exiting therefrom.

[0077] A cover 1352 illustratively supports the solenoid valve body 1202 and the printed
circuit board 1232. Illustratively, the tluid connector tubes 1219a, 1219b of the inlet housings
1214a, 1214b extend 1in a first direction (upwardly in FIGS. 16-18), and the outlet {itting 1330

extends 1n a second direction (downwardly 1in FIGS. 16-18).

10078} An 1llustrative operation of the ozone system 1200 is further detailed below 1n
connection with FIGS. 18-24. In the following description, reference to the illustrative operation
will be with the ozone system 1200 oriented such that the outlet {itting 1330 extends vertically

downwardly and the ozone generator 1100 extends horizontally forwardly. It should be

appreciated that oricntation of the ozone system 1200 may vary.

[0079] The first and second pilot operated diaphragm solenoid valves 1210a and 1210b

arc 1llustratively positioned side by side. The first (or ozone) solenoid valve 1210a (illustratively

17
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on the right) 1s used to control the flow of cold water for the ozone generator 1100. The second
(or mixed water) solenoid valve 1210b (illustratively on the left) controls the flow of mixed
water {rom the faucet mixing valve 1290 for normal operation of the faucet 1000 (for example,

through capacitive touch opecration of the faucet 1000).

[0080] Cold water enters 1nto the wye fitting 1304 through the inlet port 1308 (on the far
right in FIG. 17) and passes through screen filter 1324 to remove debris. The cold water splits,
either going down through the first outlct port 1312 and to the second solenoid 1210b
(represented by arrows 1354 in FIG. 19), or up through the second outlet port 1314 and to the
cold water inlet for the faucet mixing valve 1300 (represented by arrows 1356 in FIG. 19). The
cold water going to mixing valve 1300 passes through check valve 1328 that prevents hot water,
which may be at a higher pressure than the cold water, from traveling backwards through faucet
mixing valve 1300 and entering the ozone solenoid valve 1210b. Before the water enters the
ozone solenoid valve 1210a, 1t passes through pressure compensating tlow restrictor 1326 that
illustratively limits the ozone water flow to 0.5 gpm. This relatively low flow allows the ozone

generator 1100 to achieve a desired ozone concertation 1n the discharged water.

[0081] FIG. 19A illustrates the second solenoid valve 1210b in a closed position, where
the seal 1240b contacts the valve seat 1262b and prevents water flow to the ozone generator
1100. FIG. 19B illustrates the sccond solenoid valve 1210b in an open position, wherc the seal
1240b 1s spaced apart from the valve seat 1262b such that water flows to the ozone generator
1100. More particularly, after the ozone solenoid valve 1210b 1s opened by the coil 1276b on
the printed circuit board 1232, water flows along slot 1260b of post 1258b, through an opening
1347 between the seal 1240b and the valve scat 1262b, out of the ozone solenoid valve 1210b via
slot 1228b 1n the valve recerving chamber 1212b, and then passcs around the periphery of the
ozone generator 1100 (represcnted by arrows 1354 in FIGS. 19B-21 and 24). As represented by
arrows 1354 1n FIG. 24, the water flow through the ozone generator 1100 is parallel to the

longitudinal axis L.

[0082] After water passes over the diamond clectrodes 160, it exits though center
opening 1358 of the ozone gencrator 1100. As may be appreciated, the water flow through the

ozone generator 1100 1s parallel to the longitudinal axis L. After exiting the ozone generator
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1100, the water path 1s common for either ozone water {flow or normal mixed water flow (where

water flow 1s represented by arrows 1360 in FIGS. 21 and 24).

[0083] In the outlet passageway 1230, water then passes by the copper rivet 1346, which
19 used to transfer heat to the thermistor 1351 mounted on the printed circuit board 1232, which
in turn, measures the water temperature. The thermistor 1351 provides a signal indicative of the
measured water temperature to the controller. Finally, the water passes through the water flow
turbine 1342 which measures the flow rate via sensor 1345 mounted on the printed circuit board
1232 that detects the changing field of the magnetic tflow turbine 1342. The sensor 1345
provides a signal indicative of the measured flow rate to the controller 1294. The controller
1294 may vary the power supplied to the ozone generator 1100 based on the temperature and/or

tlow rate of the water, thercby altering the amount of ozone generated.

[0084] The hot and cold water froﬁ the hot and cold watcr fluid lines 1319 and 1322 are
combined i1n faucet mixing valve 1300 and enter 1nto the first (left) solenoid valve 1210a through
the 1nlet housing 1214a (where water tlow 1s represented by arrows 1362 in FIGS. 20, 23 and
24). Screen filter 1332 removes debris. It should be appreciated that operation of the first
solenoid valve 1210a 1s similar to the second solenoid valve 1210b. More particularly, the first
solenoid valve 1210a opens and closes via coil 1276a on the printed circuit board 1232. The
water exits the tirst solenoid valve 1210a via slot 1228a 1n the valve recerving chamber 1212a
and enters the common outlet passageway 1230 with the ozone water from the ozone generator
1100. The mixced water (from the mixing valve 1300) passes by the same copper rivet 1346 and
magnetic flow meter 1340 as the ozone water (from the ozone generator 1100), allowing the

mecasurement of water temperature and flow.

[0085] [llustratively, the ozone gencrator 1100 has current supplied to the diamond

electrodes 160 via titanium wire current spreaders 1140). These current spreaders 1140 are
illustratively tlattened to allow for good contact with the electrode 160. The wire of the current
spreaders 1140 transitions to a round section 1142 that allows the use of an o-ring 134 to scal the

watcr 1nside the ozone generator 1100.

[0086] The current spreader 1140 1s illustratively connected to the wire harness 1144 via '
connector 1145 and wire harness plugs into the printed circuit board 1232 via a coaxial power

conncctor. Power 1s supplied to the printed circuit board 1232 by an AC to DC 24 switching
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power supply. The 24 volt power 1s directed through a constant current LED power IC chip.
The IC chip holds the current constant as the resistance of the ozone generator 1..00 changes over
the life of the ozone generator 1100. The.IC chip also has the ability to increase or decrease the
constant current level supplied to the ozone generator 1100 based on the temperature of the

water, which affects the amount of ozone that can be generated.

[0087] While this invention has been described as having exemplary designs, the present
invention can be further modified within the scope of this disclosure. This application is
therctore intended to cover any variations, uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.

20)
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WHAT IS CLAIMED IS:

1. An ozone gencrator for use with a laucet, the ozone generator comprising:

an outer cartridge;
an clectrolytic cell assembly received within the outer cartridge, the electrolytic cell
assembly comprising:
a first housing;
an anode coupled to the first housing;
a second housing
a cathode coupled to thc sccond housing;
a separator posttioned between the anode and the cathode; and
a holder that couples the first housing to the second housing independently of the

outer cartridge.

2. The ozone gencrator of claim 1, wherein the separator has a thickness of about 20-30

MICIrons.

3. The ozone generator of claim 2, wherein the separator has a thickness of about 25

MmICrons.

4 The ozone generator of claim 1, wherein the anode and the cathode each comprises an

underlayer of boron-doped silicon and a coating of boron-doped diamond.

J. The ozone generator of claim 4, whercin the underlayer has a thickness of about 400-600

MICrons.

6. The ozone generator of claim 4, wherein the coating has a thickness of about 3-8

MICrons.

7. The ozone gencrator of claim 1, wherein the holder comprises at least one sealing ring

around the first and second housings.
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8. The ozone generator of claim 1, wherein:
the first housing and the outer cartridge cooperate to define a first water flow path across

the anode; and

the second housing and the outer cartridge cooperate to define a second water flow path

across the cathode.

9. The ozone generator of claim 1, turther comprising a {irst current spreader positioned
intermediate the first housing and the anode, and a sccond current spreader positioned

intermediatc the second housing and the cathode.

10. The ozone generator of claim 9, wherein each of the first current spreader and the second
current spreader includes a rectangular body and a terminal configured to be in electrical
communication with a wire lead, the rectangular body of the first current spreader being
overmolded with the first housing, and the rectangular body of the seccond current spreader being

overmolded with the second housing.

11. The ozone generator of claim 9, wherein each of the first current spreader and the second
current spreader includes a rectangular body and a terminal configured to be in clectrical
communication with a wire lead, each terminal having a round cross-section and an o-ring

received on the terminal.

12. An ozone generator for usc with a faucet, the ozone generator comprising:
a [irst housing;
a first current spreader overmolded by the first housing;
an anode in electrical communication with the first current spreader;
a second housing;
a second current spreader overmolded by the second housing;
a cathode 1n celectrical communication with the second current spreader; and

a separator between the anode and the cathode.
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13. The ozone generator of claim 12, wherein the anode and the cathode each comprises a

plurality of water passageways.

14. The ozone generator of claim 12, wherein the water passageways are formed by deep

reactive 1on ctching.

15. The ozone generator of claim 12, wherein the first housing and the second housing are

identical in construction.

16. The ozone generator of claim 12, further comprising a first frame that receives the anode
and a second frame that receives the cathode, wherein the first frame and the second frame arc

identical in construction.

17. The ozone generator of claim 12, wherein:

the f1rst current spreader includes a first terminal and a first opening that receives the
anodc, the tirst housing surrounding the first current spreader in a sealed manner between the
first terminal and the {irst opening; and

the sccond current spreader includes a second terminal and a second opening that
receives the cathode, the second housing surrounding the second current spreader in a sealed

manner between the second terminal and the second opening.

18. The ozonc generator of claim 17, wherein the first terminal includes tabs configured to be
crimped on a first wire lead, and the second terminal includes tabs configured to be crimped on a

sccond wire lead.

19. An ozone generator system for use with a faucet, the ozone generator system comprising:
a mixing valve having a cold watcr inlet fluidly coupled to a cold water source, a hot
water 1nlet fluidly coupled to a hot water source, and an outlet in sclective fluid communication
with the cold water inlet and the hot water inlet; '
a valve body including a first valve receiving chamber, a second valve receiving

chamber, an ozone gencrator receiving chamber, and an outlet passageways;
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an ozone generator recetved within the ozone generator receiving chamber;

a first electrically operable valve received within the first valve receiving chamber and
contigured to control water flow from the outlet of the mixing valve to the outlet passageway of
the valve body; and

a second electrically operable valve received within the sccond valve receiving chamber

and configured to control water flow trom the cold water source to the ozone gencrator.

20. The ozone generator system of claim 19, wherein the first electrically operable valve is a
first pilot operated diaphragm solenoid valve, and the second electrically operable valve is a

second pilot operated diaphragm solenoid valve.

21. The ozone generator system of claim 20, further comprising a printed circuit board
supported by the valve body, wherein the first pilot operated diaphragm solenoid valve includes
a first solecnoid armature supporting a seal movable by activation of a first solenoid coil coupled
to the printed circuit board, and the second pilot operated diaphragm solenoid valve includes a
second solenoid armature supporting a seal movable by activation of a second solenoid coil

coupled to the printed circuit board.

22. The ozone generator system of claim 19, wherein the ozone generator includes:
a first housing;
a first current spreader overmolded by the first housing;
an anode 1n electrical communication with the first current spreader;

a second housing;

a second current spreader overmolded by the second housing;
a cathode 1n electrical communication with the sccond current spreader; and

a separator between the anode and the cathode.

23. The ozonc gencrator system of claim 19, further comprising a wye {fitting including an
inlet 1n fluid communication with the cold water source, a first outlet in fluid communication
with the cold water inlet of the mixing valve, and a second outlct in fluid communication with

the second clectrically operable valve.

24



CA 02946465 2016-10-26

24. The ozone generator system of claim 19, further comprising a pullout wand in fluid

communication with the outlet passageway of the valve body.
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