US006365026B1

a» United States Patent (o) Patent No.:  US 6,365,026 B1
Andrews et al. @5) Date of Patent: Apr. 2, 2002
(54) LIMITED USE COMPONENTS FOR AN IP WO 01/61074 A1 8/2001
ELECTROCHEMICAL DEVICE AND
METHOD OTHER PUBLICATIONS
M. Pourbaix, et al.; LEAD(1); Chapter IV. Section 17.5; pp.
(75) Inventors: Craig C. Andrews, College Station; 485-492, (No Date).
8}]1Sv)er J. Murphy, Bryan, both of TX * cited by examiner
Primary Examiner—Donald R. Valentine
(73) Assignee: Lynntech, Inc., College Station, TX (74) Atrorney, Agent, or Firm—Streets & Steele; Jeffrey L.
(US) Streets
(*) Notice:  Subject to any disclaimer, the term of this 7 ABSTRACT

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

The present invention provides an ozone generating system
that combines single-use elements or segments with an
extended use fixture that is used to activate the single-use

(21) Appl. No.: 09/598,067 elements. One embodiment of the invention consists of a
(22) Filed: Jun. 20, 2000 strip of proton exchange membrane (PEM) having the ozone
producing catalyst applied directly onto one side of mem-

(51) Imt. CL7 oo, C25D 5/54; C25B 9/00 brane. Optionally, the application of this catalyst may be
(52) US.CL .o, 205/85; 204/252; 204/257; divided into segments or patches, wherein each segment
204/263 represents the limited-use portion of the ozone generator.

(58) Field of Search ........................ 204/263, 257, Each segment may be advanced into a fixture that provides

204/252, 290.01, 85 the balance of the electrochemical system required for

operation of the ozone generator. This balance of system

(56) References Cited may include additional subsystems, with a power supply,
water source, electrical contacts, electronic controllers, sen-

U.S. PATENT DOCUMENTS sors and feedback components, being typical examples.

4846952 A * 7/1989 Gardner et al. ............. 2047279 Affter an individual segment is advanced into the operating
4952297 A * 81990 Hicks et al. ............ 204/257 X~ fixture, the membrane may be hydrated by a water source
5,529,683 A 6/1996 Critz and electrical contact made to the positive (anode) face of

the membrane having the ozone generating catalyst and to

FOREIGN PATENT DOCUMENTS the negative (cathode) side of the membrane which may also

EP 0711 731 A3 5/1996 include a catalyst layer.
EP 0771 731 A2 5/1996
EP 1038993 Al 9/2000 46 Claims, 11 Drawing Sheets

107
)




U.S. Patent Apr. 2, 2002 Sheet 1 of 11 US 6,365,026 B1

N 1o 104
A A /( 7/
206 w
' 202
9%z 23 g0l 205 204




U.S. Patent Apr. 2, 2002 Sheet 2 of 11 US 6,365,026 B1

301
[ 306 307 302
3/3\ ( N
‘ 30 309
J o N\ | ] N
NN ISy (e
/ ° NL/ ] AN | °
304 305 308 312
314
FIG. 3A
301 304 305 3(06 312 302
(I 0 1 _f—__— —__I—I [ 0 )
' |
il My ]y a |
J U7_— B a ju | - M|
303

FIG. 3B



U.S. Patent Apr. 2, 2002 Sheet 3 of 11 US 6,365,026 B1

401 [~ 405 404
409 —
411 402 406 410 }
407 408

FIG. 4



U.S. Patent Apr. 2, 2002 Sheet 4 of 11 US 6,365,026 B1

L — 513

P
N— 502
503
©
504
514 —N 50/
P N N

506

[ T 505
=

508 —H | | \

FIG. 5



U.S. Patent Apr. 2, 2002 Sheet 5 of 11 US 6,365,026 B1

_— 513
512
\ . 512
N e NN
— k.

602 —N — 60/

\
N— 603

o ||l o \

S
0 o N AN | 7 N

605 604

\ N

N
607 —N —— 606

FIG. 6




U.S. Patent Apr. 2, 2002 Sheet 6 of 11 US 6,365,026 B1

bk
703 702
—— 704

70!

706 —_ 705

709

L —7/]

Qe "

708

FIG. 7



U.S. Patent Apr. 2, 2002 Sheet 7 of 11 US 6,365,026 B1

B

\ 802
o

go4 || 805

805
807 —

810

0

\\%/

FIG. 8



U.S. Patent Apr. 2, 2002 Sheet 8 of 11 US 6,365,026 B1

907

720

FIG. 9




U.S. Patent

Apr. 2, 2002 Sheet 9 of 11

1003 —— 1002
— 100/

— 1005

L

N— 1004

1013

US 6,365,026 Bl

1010 —

009

1011 —~

i~

FIG. 10

1008




U.S. Patent Apr. 2, 2002 Sheet 10 of 11 US 6,365,026 B1

FIG. 11



U.S. Patent Apr. 2, 2002 Sheet 11 of 11 US 6,365,026 B1

I O I

GO O

Ny /206 1205 J 1206

/ ‘ YA i \
| !
\\ //
_MV]
1202 1203

1204 || 1202

OO

. A
©

FIG. 12



US 6,365,026 Bl

1

LIMITED USE COMPONENTS FOR AN
ELECTROCHEMICAL DEVICE AND
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to methods and apparatus for avoid-
ing problems associated with extended use of electrochemi-
cal devices, namely degradation that can occur as a result of
cycling the electrochemical device on and off.

2. Background of the Related Art

Ozone has long been recognized as a useful chemical
commodity valued particularly for its outstanding oxidative
activity. Because of this activity, it finds wide application in
disinfection processes and the removal of cyanides, phenols,
iron, manganese, and detergents. Thus, ozone has wide-
spread application in many diverse activities, and its use
would undoubtedly expand if its cost of production could be
reduced. Furthermore, the relatively short half-life of ozone
makes it difficult to distribute so it is generally produced
on-site and usually very near the point of use. However, the
cost of generating equipment, and poor energy efficiency of
production has deterred its use in many applications and in
many locations.

Because ozone has a very short life in the gaseous form,
and an even shorter life when dissolved in water, it is
preferably generated in close proximity to where the ozone
will be consumed. Traditionally it is generated at a rate that
is substantially equal to the rate of consumption since
conventional generation systems do not lend themselves to
ozone storage. Ozone may be stored as a compressed gas,
but when generated using corona systems the pressure of the
output gas stream is essentially at atmospheric pressure.
Therefore, additional hardware for compression of the gas is
required, which in itself reduces the ozone concentration
through thermal degradation. Ozone may also be dissolved
in liquids such as water but this process generally requires
additional equipment to introduce the ozone gas into the
liquid, and at atmospheric pressure and ambient temperature
only a small amount of ozone may be dissolved in water.

Because so many of the present applications for ozone
only have the need for relatively small amounts of ozone, it
is generally not cost effective to use conventional ozone
generation systems such as corona discharge. Furthermore,
since many applications require the ozone to be delivered
under pressure or dissolved in water, as for disinfection,
sterilization, treatment of contaminants, etc., the additional
support equipment required to compress and/or dissolve the
ozone into the water stream further increases system cost.

Electrochemical cells in which a chemical reaction is
forced by added electrical energy are called electrolytic
cells. Central to the operation of any cell is the occurrence
of oxidation and reduction reactions that produce or con-
sume electrons. These reactions take pace at electrode/
solution interfaces, where the electrodes must be good
electronic conductors. In operation, a cell is connected to an
external load or to an external voltage source, and electrons
transfer electric charge between the anode and the cathode
through the external circuit. To complete the electric circuit
through the cell, an additional mechanism must exist for
internal charge transfer. Internal charge transfer is provided
by one or more electrolytes, which support charge transfer
by ionic conduction. Electrolytes must be poor electronic
conductors to prevent internal short-circuiting of the cell.

The simplest electrochemical cell consists of at least two
electrodes and one or more electrolytes. The electrode at
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which the electron producing oxidation reaction occurs is
the anode. The electrode at which an electron consuming
reduction reaction occurs is called the cathode. The direction
of the electron flow in the external circuit is always from
anode to cathode.

Unfortunately, electrochemical ozone generators, espe-
cially those having lead dioxide as the anodic
electrocatalyst, experience a performance degradation that
gets worse with successive shutdowns of the generator or
cell. This degradation manifests itself as an increasing
voltage requirement of the cell. In some applications, this
degradation can be avoided by providing a battery backup
system that maintains a trickle current to the cell. In U.S.
Pat. No. 5,529,683, Critz teaches that this problem can also
be avoid by applying a reverse potential to the cell during
shutdown. While these approaches to the problem may be
sufficient in some applications, they both presume a con-
tinuing supply of electrical current.

Therefore, there is a need for an ozone generator system
that operates efficiently on standard AC or DC electricity and
water to deliver a reliable stream of ozone gas that is
generated under pressure for direct use by the application. It
would be desirable if the system was self-contained, self-
controlled and required very little maintenance. It would be
further desirable if the system had a minimum number of
wearing components, a minimal control system, and be
compatible with low voltage power sources such as solar
cell arrays, vehicle electrical systems, or battery power.
Finally, it would be desirable if the electrochemical cell were
designed to overcome the cycling limitations inherent to
existing electrochemical ozone generators without requiring
the continued use of electrical current. It would be even
more desirable if the electrochemical cell were designed to
avoid or reduce other lifetime limiting effects, such as
impure water.

SUMMARY OF THE INVENTION

The present invention provides an ozone generating sys-
tem that combines single-use elements or segments with an
extended use fixture that is used to activate the single-use
elements. One embodiment of the invention consists of a
strip of proton exchange membrane (PEM) having the ozone
producing catalyst applied directly onto one side of mem-
brane. Optionally, the application of this catalyst may be
divided into segments or patches, wherein each segment
represents the limited-use portion of the ozone generator.
Each segment may be advanced into a fixture that provides
the balance of the electrochemical system required for
operation of the ozone generator. This balance of system
may include additional subsystems, with a power supply,
water source, electrical contacts, electronic controllers, sen-
sors and feedback components, being typical examples.
After an individual segment is advanced into the operating
fixture, the membrane may be hydrated by a water source
and electrical contact made to the positive (anode) face of
the membrane having the ozone generating catalyst and to
the negative (cathode) side of the membrane which may also
include a catalyst layer.

After water and electrical contacts are provided to the
limited-use segment, the system now forms the basic ele-
ments of an electrochemical cell that may be used for
electrolysis. With the application of electrical current, the
system will begin electrolyzing the available water to gen-
erate ozone which may then be utilized. The operation of the
generator can then continue until the performance degrades
to unacceptable levels or until the source of ozone is no
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longer required. At that time the electrical power may be
shut off or the electrical contacts physically removed from
the limited-use element. When the limited-use element has
reached or neared its operating lifetime, the used segment
may be removed from the fixture and a new segment
advanced into position. In this manner, the process can
continue with the limited lifetime components of the elec-
trolyzer being completely replaced in a simple and poten-
tially automated manner.

The concept of the limited-use element may be extended
to include all the elements necessary for operation of the
ozone generator that undergo degradation or consumption.
While not intended to be an exhaustive list, these degradable
or consumable elements may include the anodic catalyst,
cathodic catalyst, membrane, performance indicators, water
supply, and electrical supply. It may also be advantageous to
include aspects of the product handling system as limited-
use elements, such as including a hydrophobic, gas perme-
able membrane over the anode so that ozone gas may pass
directly into a process stream without introducing other
fluids into the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the above recited features and advantages of the
present invention can be understood in detail, a more par-
ticular description of the invention, briefly summarized
above, may be had by reference to the embodiments thereof,
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 is a schematic diagram of an ozone generation
system having components that are considered extended-use
as well as components that are considered limited-use and
possibly disposable.

FIG. 2 is a schematic diagram of an alternate embodiment
of FIG. 1 having the anode catalyst formed on the anode
electrical contact.

FIGS. 3a and 3b are side and top view schematic dia-
grams of an electrochemical ozone generator utilizing the
disposable segments.

FIG. 4 is a detailed schematic diagram of a disposable
segment composed of three sub-elements such as ozone
concentration indicator and electrolyzer water source.

FIG. 5 is a cross section of the electrolytic ozone gen-
erator having a vertical orientation and a flooded electro-
lyzer region.

FIG. 6 is a schematic of a mechanism supplying the
catalyst and membrane from separate feeds and laminated at
the time of use.

FIG. 7 is a schematic diagram of a membrane and catalyst
feed mechanism that removes a protective layer from the
catalyst surface before use.

FIG. 8 is a schematic diagram of a membrane and catalyst
feed mechanism that removes the catalyst from a carrier
strip and transfers them to the membrane before use.

FIG. 9 is a schematic diagram of a membrane and catalyst
feed mechanism that removes a protective layer from the
segments before use.

FIG. 10 is a schematic of a membrane and catalyst strip
system that includes a hydrophobic member over each active
segment.

FIG. 11 is a simplified schematic diagram of a system
making electrical contact to the active region with rollers
rather than with plates.
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FIG. 12 is a schematic side view of a filter press type stack
of electrochemical cells for use with multiple arrays of
segments.

DETAILED DESCRIPTION OF THE
INVENTION

In one embodiment of the invention, the anode catalyst
(such as lead dioxide) is deposited or painted onto a first side
of a proton exchange membrane (PEM), either continuously
or in individual segments. This proton exchange membrane
is preferably in the form of a strip that may be coiled to form
a compact roll of disposable catalyst/PEM elements. These
elements may be advanced into a clamp structure or fixture
having an anode contact formed from a suitable material
such as porous titanium and a cathode contact formed from
a suitable material such as porous stainless steel or stainless
steel felt. Either the elements or the clamping structure may
also include an elastomer or bead and groove seal that
prevents water provided to the active portion of the PEM
strip from migrating to the unused portions of the strip where
it would have undesirable effects on the unused catalysts.
When a new limited-use segment is advanced into this
clamp area, it may be hydrated by any means such as
immersing in water or by placing water onto the membrane
or contacts.

In a similar embodiment, the sealing portion of the
elements or clamping structure may be replaced by a system
of pinch rollers and/or wiper to prevent the migration of
water from the active segment to the unused segment.
Additionally, pinch rollers may be used between the active
segment and the used segments to ‘wring’ dry the membrane
and catalyst as it leaves to recover as much water for
electrolysis as possible.

In another embodiment of the invention, a carrier strip is
formed from a suitable material, possibly a hydrophobic
material that will not wick water from the active segment to
the unused segments. This carrier strip may be divided into
segments with each segment representing a limited-use
element. Within these elements a suitable membrane may be
secured, whether the membrane is to be coated or otherwise
placed into contact with the appropriate catalyst(s) on the
anode and/or cathode during operation of the cell. In a
manner similar to the previous embodiment, these segments
are advanced and used in an extended-use fixture, but this
embodiment has the advantage that the water used for the
reaction is confined to the active segment.

In a related embodiment, to ensure that the unused cata-
lysts and membrane remain dehydrated before use, each
segment of the carrier strip described previously may have
a border of sufficient width that a protective and sealing film
or cover may be stretched across the active portion of the
segment and glued, thermally welded, or otherwise adhered
to the border around the perimeter. With a protective film
placed on each side of the segment, i.e., over the exposed
portions of the active area, and the film sealed around the
perimeter on each side, each segment is then completely
sealed from the environment. Prior to use, these protective
films may be peeled back to expose a fresh and completely
dehydrated segment that may then be placed into service. In
an extreme application, the entire strip or coil of unused
segments may be placed in the process water because the
film will protect the unused segments until they are exposed
for use.

Many of the foregoing embodiments are directed at
keeping the membrane and/or catalyst dry, because the PEM
is an ion exchange polymer in the protonated or acid form.
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