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ABSTRACT

This invention is directed toward process and material optimizatiop of electrolytic cell
separation processes designed to generate consistent electrolytic solutions in a better salt-
converting and efficient manner, as well as to increase the amount of free available chlorine
generaied by the electro-chemical activation of the salt. This is generally accomplished by
provision of ceramic diaphragm and/or polymer membranes characterized by optimal design,
construction, manufacturing, and assemblage to exacting and precise specifications with respect
to chemical and material compositions, shurry formulations, ceramic mold tolerances, ceramic
firing and curing conditions, dimensional measurements for thickness, dimensional
measurements for gapping and placement between the anode and cathode electrodes, and

machining tolerance control.
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ELECTROLYTIC CELL DIAPHRAGM/MEMBRANE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of the filing date of U.S. Provisional Patent

Application No. 61/2135,557, filed on May 6, 2009, the contents of which is herein incorporated

by reference in its entirety.

FIELD OF THE INVENTION
[0002}] This invention relates to the design, construction, manufacturnng, material
composition, machining, assembly and/or specifications of ceramic diaphragms and/or polymer

membranes for use in electrolytic cells.

BACKGROUND OF THE INVENTION
[0003) In the field of water electrolysis, a potential is applied between an anode and a
cathode immersed in an electrolyte to generate hydrogen at the cathode. Rate of hydrogen
generation is dependent on the applied current and is independent of voltage above the minimum
potential for electrolysis to proceed. The limitation on the current is directly related to electrolyte
conductivity and electrode surface area. Conventional electrolysis cells include substantially
two-dimensional plate electrodes. Electrolyte-electrode interface area is maximized by
roughening, perforating or corrugating the electrode surface in order to increase current density
and lower cell voltage, but current density has been substantially Jimited to about 1000 A/m>
Porous electrodes having high pore surface area ap proximaté three-dimensional operation and
may provide current densities up to 10,000 A/m?, but pore size, length and density are not
uniform. The pores are tortuous and closed at the ends which causes gas generated inside the

pores to be confined by capillary action until the gas pressure exceeds the capillary forces. A
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centra) core of gas established inside the pore with a thin layer of electrolyte adhering to the pore
walls results ip an ochmic drop through the elecirolyte film, which opposes the beneficial effect of
increasing electrode surface area.

[0004] In the field of balogen and alkali metal hydroxide pro&uction, historically, these
materials have been conventionally produced by the electrolyéis of aqueous alkali metal halide
solutions in diaphragm-type cells. Such cells generally were constructed with an opposed anode
and cathode separated by a fluid permeable diaphragm, usually of asbestos, forming separate
anode and cathode compartments. In operation, brine is fed to the anode compartment wherein
halogen gas is generated at the anode, and the brine then percolates through the diaphragm into
the cathode compartment wherein alkali metal hydroxide is produced. The alkali maetal
hydroxide thus produced contains large amounts of alkals metal balide, which must be removed
by further processing to obtain the desired product.

[0005] As the technology of electrolytic separation progressed, electrolytic cells were
developed which utilized a permselective cation-exchanpe membrane in place of the
conventional diaphragm. Such membranes, while electrolytically conductive under cell
conditions, were substantially impervious to the hydrodynamic flow of liquids and gases. In the
operation of membrane cells, brine is introduced into the am:)de compartment wherein halogen
gas 1s formed at the anode. Alkali metal ions are then sélectively transported through the
membrane into the cathode compartment. The alkali metal fons combine with hydroxide ions
generated at the cathode by the electrolysis of water to form the alkali metal hydroxide.

[0006] Electrolytic cells are also known for separating foreign gases from a stream of
chlorine and foreign gases. Particularly, the electrolytic cell is generally comprised of a cathode

electrode for electrochemically reducing chlorine gas into chloride 1ons, an anode electrode for
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oxidizing the chloride ions into chlorine gas, a membrane interposed between the anode and
cathode electrodes for preventing the transfer of foreign gases to the anode electrode, a housing
for aligning the membrane and electrodes in the cell, an aqueous electrolyte contained in the
housing, and a power supply for providing a sufficient potential difference across the anode and
cathode electrodes to cause the chlorine gas reduction and chlé)ride ion oxidation reactions. The
housing also includes a separate outlet on each side of the membrane to vent the foreign gases
(cathode side) and chlorine gas (anode side) from the cell.

[0007] Vertically disposed electrolytic cells and a method for their operation are also
known. These cells generally comprise a hollow, cylindrically shaped recycle tube; a
hydraulically permeable, hollow, cylindrically shaped cathode concentric with and surrounding
the recycle tube to define a first annular space therebetween; a hydraulically permeable, hollow,
cylindrically shaped anode concentric with and surrounding the cathode to define a second
annular space therebetween; and a hollow, cylindrically shaped, ion permeable membrane
positioned in said second amnular space concentric with the cathode and anode, where the
membrane divides the second annular space imto an anode compartment containing the anode
and a cathode compartment containing the cathode. Alternative configurations also exist
wherein the anode may surround the cathode as well as where the cathode may surround the
anode.

[0008] Many factors pertaining to electrolytic cells including, but not limited to, design,
construction, materials, material composition, coatings, manufacturing methods, assembly,

dimensions, tolerances, and etc., affect the overall performance, quality, efficiency, and life of

the electrolyiic cell.
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{0009} While all electrolytic cells are generally comprised of two or more chambers that
share four major components: 1. anode electrode(s), 2. cathode electrode(s), 3. a dividing
barrier(s) between the chambers commonly composed of ceramic diaphragms or polymer
membranes, and 4. a water-tight means to contain the solutions in the separate chambers and to
hold all of these components together by means of one or more end caps, the dividing barriers
can be a significant limiting factor in the production and properties of the electrolytic solutions
as well as in the overall performance, quality, efficiency, and life of the electrolytic cell.

[0010] Numerous issues abound with respect to the dividing barriers comprised of
ceramic diaphragms or polymer membranes as to differeut ways those dividing barriers can be a
significant limiting factor in the production and properties of the electrolytic solutions as well as
in the overall performance, quality, efficiency, and life of the electrolytic cell. These different
issues are a result of the ceramic diapbragms or polymer membranes being mconsistent with
regard to numerous parameters, including, albeit not limited to'variations in the thickness of
materials, membranes being “out-of-round”, membranes exhibiting various electrical insulation
properties/characteristics due to inconsistent porosity, inconsistent aluminum oxide and/or

zircomum oxide composition ratio additions to the ceramic slurry, warpage during curing, and

elc.

[0011] Therefore, there has been a long felt need to optimize the diaphragm or membrane
structures in order to insure consistent electrolytic solution production and properties, consistent
electrical requirements required of each cell, increased cell lifé expectancy, elimination of

leaking cells, and decreased breakage and damage of ceramic diaphragms or polymer

membranes.



CA 02703316 2010-05-06

DESCRIPTION OF THE PRIOR ART
[0012] US 6,528,214 describes many issues concerning making ceramic diapbragms for
electrolytic cells. It describes in detail the issue of trying to attain desired porosity and thickness
of wall while maintaining structural strength of the diaphragm. It also references methods of
producing membranes by extrusion. If teaches a method of slip casting using particles of two
different sizes to attain a thin filtering layer of porosity while mginta‘i ning strength from a thicker
portion of the diaphragm larger with larger porosity. This method allowed for shrinkage of 3-5
% after firing.
{0013} US 3,215,686 descibes a method of creating a porous ceramic substrate and
additionally adding a ceramic membrane coating of finer porosity. An object of 5215686 is to
“provide a porous gas diffuser with an increased gas transfer efﬁciency” and “whose output 18
substantially uniform along its active surface. This method of using a dry powder under pressure
realizes shrinkage of less than 1 % to make ceramics pressed into a dies in the shape of a plate,
dome or disc. Such a method could be used to make electrolytic diaphragm tubes of two
different porosities with less shrinkage than the method of 6528214.
[0014) US 5,626,914 teaches methods in sintering ceramic bodies and using various
pressures, heating temperatures, times, and particle sizes to achieve different porosities. Such
methods could be used to tightly control the process of making 'electrolytic diaphragm tubes of

exacting porosities which are then used to achieve desired outcomes when employed in an

electrolysis process.
[0015] US 5,384,030 teaches a sintering process of making ceramics into a tape through
a dry roll compaction press process. The resulting tape can then be deposited on ceramic

substrates to form final shapes of different porosities. This application is for oXygen or exhanst
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sensors. Such a method could be used to make electrolytic diaphragm tubes of two ore more

different porosities.

SUMMARY OF THE INVEN HON
[0016] - The present invention is directed toward methods and materials designed to
generate consistent electrolytic solutions in a better salt-converting and efficient manner, as well
as to increase the amount of free available chlorine generated by the electro-chemical activation
of the salt.
[0017] It is therefore an objective of the instant invention to provide a ceramic diaphragm
and/or polymer membrane which is designed, constructed, manufactured, specified, assembled
and/or machined with exacting and precise specifications for chemical and material
compositions, shary formulations, ceramic molds, ceramic firing and curing, dimensional
measurements for thickness, dimensional measurements for gapping and placement between the
anode and cathode electrodes, machining and tolerance control of all of the above.
[0018] It is a further objective to teach methods for solving lor substantially reducing
problems with existing electrolysis cells by a series of changes designed to optimize the overall
performance of these membranes.
[0019] It is yet an additional objective of the instant invention to provide an improved
electrolysis cell wherein the membrane/diaphragm structure has been optimized so as to reduce
the Inconsistencies, thereby resulting in an electrolysis cell having enhanced process uniformity.
[0020] Other objects and advantaggs of this invention will become apparent from the
following description taken in conjunction with any accompanying drawings wherein are set

forth, by way of illustration and example, certain embodiments of this invention. Any drawings
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contained herein constitute a part of this specification and include exemplary embodiments of the

present invention and illustrate various objects and features thereof.

DETAILED DESCRIPTION OF THE INVENTION
[0021] With regard to electrolytic cell technology, numerous issues with respect to
divider barrier construction result in inconsistent electrolytic solution production and properties,
Inconsistent electrical requirements required of each cell, decreased cell life expectancy, leaking
cells, increased breakage and damage of ceramic diaphragms or polymer membranes, extensive
cell testing prior to final equipment production, difficulty in combining or matching cells for
parallel operations, difficulty in replacing damaged or bad cell(s) in multi-celled systems with
matched performing cells, ete.
10022] Consistent values, operations, and performance of the ceramic tubes and the
electrolytic cells are required in order to string multiple cells together in a parallel and/or series
operation to allow for larger volume production of electrolytic fluids with consistent and desired
flmd parameters.
[0023] In order to generate consistent electrolytic solutions in a better salt-converting and

efficient manner, as well as to increase the amount of free available chlorine generated by the
electro-chemical activation of the salt, the instant invention will provide ceramic diaphragms
and/or polymer membranes which have been desi gned, constructed, manufactured, specified,
assembled and/or machined with exacting and precise specifications for chemical and material
compositions in order to materially enhance performance.

[0024] These results will be achieved by optimization of slurry formulations, ceramic
molds, ceramic firing and curing conditions, optimization of dimensional measurements for

thickness, dimensional measurements for gapping and placement between the anode and cathode

7
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electrodes, machining and tolerance control in order to result in an electrolytic cell construction
effective for yielding substantially improved performance characteristics, and consistent product
characteristics. This will result in a much more rugged elecﬁolytic cell, eliminating and
preventing breakage.

[0025] The mvention will utilize specific materials which discourage, and prevent, the
clectrical cutrent from being directed repeatedly at a “weak™ point within the membrane.

10026} As aresult of these optimizations, an electrolyte cell will be achieved which
produces EcaFlo® Anolyte solutions consistently at 800 ppm FAC and higher (with 2 mipimum
oxidation-reduction potential (ORP) of 850).

[0027] In accordance with the present invention, some of the issues with the thickness
and roundness of the ceramic diaphragms will be resolved by machining the inside and outside
of the ceramic diaphragms. Although machining may correct some deficiencies, it also may
create additional problems including: increased labor, increased ceramic diaphragm breakage,
thinner thicknesses on the short sides of the “oval® diaphragm, etc.

[0028] Variations 1n ceramic diaphragm thickness and “out-of-round” conditions cause
the current density throughout the electrolytic cell to become unequal. Because the ceramic acts
as an insulator, current will flow in the “path of least resistance.” The thin areas of the ceramic

diaphragm will allow more current to flow through those sections. resulting in decreased current

flow in the other sections. This increased current flow leads to degraded life of the anode
coatings at the thin sections. The decreased current flow mrouéh out the remainder of the cell
leads to inefficient current density and therefore inefficient salt conversion.

[0029] Previous methods of creating larger diameter porous ceramic tubes for electrolytic

cells has required the use of thicker wall dimensions than are required in smaller diameter tubes
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in order to provide more strength against breaking. 'Iﬁe thicker diameter results in a greater
voltage potential required due to increased resistance from the thicker ceramic. This results m a
less power efficient process than desired. Ceramics being out of round further contribute to an
uneven distribution of internal and external wall pressures whit.l:h lead to breakage.

[0030] With reference to Figure 1, the cross section of a prior art ceramic tube (10) is
shown. Problems with the construction of this tube include the fact that it is “out of round”; and
furthermore this tube also shows two seams approximately 180 degrees apart. At the seams, this
tube has a wall thickness which is much thinner than most of the wall. The wall thickness varies
from 1.0 — 1.5 mm at the seams to approximately 2.0 — 3.0 mml throughout the remainder of the
tube. An attempt to machine the insides of these tubes utilizing a lathe has several drawbacks. It
15 a labor intensive process which takes approximately 30 — 60 minutes per tube. The process
tends to “catch” at the seams thereby exacerbating breakage problems. Breakage occurs in
approximately 1 tube out of every 4 — 8 tubes, which is an unacceptably high breakage rate.
Ultimately, the tubes can not be machined sufficiently to bring the majority of the tube thickness
to the same thickness as found at the seams, which always leaves thinner wall portions.

[0031] In accordance with the present invention a dry péwdelr cerammic sintering process

15 employed to create porous ceramic electrolytic tubes for electro-chemical activation processes.

This tube manufacturing process may use one or more of various compositions of dry ceramic
powders which may include, but are not limited to, alumina oxides, zirconium oxides, yttrium
oxides, magnesia and mullite. Furthermore, pore enhancers in the form of pore forming agents,
such as corn starch, walnut shells or the like, can optionally be employed in. a variety of particle

s1Zes, as desired, to control the size and creation of pores.
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[0032] The instant invention is directed toward the use of a two-stage batch process to
create the ceramic tube, The first process step will use a mold consisting of a rigid inner tube
and a rigid outer tube, each of fixed diameters, to create an annular space therebetween. The dry
powders are compression molded through axial compression into the space between the two rigid
tubes. The second process step is to fire the ceramic at predetermined temperature(s) in the
range of 800 — 1500 degrees Celsius, preferably 1100-1300 deg:,rces Celstus, and firing fime(s) in
the range of as little as one minute up to about 8 hours, to convert the “green” product into the
actual porous ceramic tube. The temperature(s) and firing timets), are selected based upon the
desired porosity, Desired porosity may range from 0.2 - 1.0 microns, depending upon the
application process, The tolerance on the desired porosity is tightly held at +/- 0.025 microns or
less. For example, if the desired porosity is- less than 0.5 microns, the range would be within
0.45 - 0.50 microns. Higher porosity allows for more chlorine generation, using less power and
with moderate salt. Lower porosity allows for even more chlorine generation (through better ion
separation) when using high salinity rates. Through tighter control of the various input
parameters, this process creates tubes which are more consistent from tube to tube than previous
methods. This process allows for OD dimensions to be held thhln 1% and the ID dimensions to

be held within 2% due to lower shrinkage as compared to other processes. The mass of these

tubes are within 1% of each other.

[0033]) A newer ceramic tube (20) created using the instantly described process has a
very concentric round shape. The wall thickness is uniform throughout. There are no seams in
this ceramic tube. To achieve more efficient chlorine conversion and greater power efficiency,
the inside of the ceramics are machined to remove some of the mass and provide for thinner wall

thickness dimensions. The process above creates a very concentric, round tube, but with wall

10
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thicknesses which may be too thick for some applications. Ma;ly challenges have been
experienced in trying to machine the inside (ID) of the tubes. Various methods to “machine” the
tube may include, but are not limited, to using a lathe, grinder, éander, sand blaster, sand paper,
etc. Lathes are slow, rigid, and unforgiving. Grinders are also rigid. It is also difficult to
“chuck” the tube s0 that it can be machined. Too much pressur;e when chucking or holding the
tube will result in breakage. If the tube is chucked slightly off dead-center, there will be uneven
machining, resulting in thinner and thicker portions of the wall thickness. The instant process 1$
designed to remove from the ID of the tube from nearly a zero amount of ceramic to as much as
40% of the mass of the tube. The tube can be machined by removing about 30% of the mass in 3
- 15 minutes. The breakage rate experienced from this process of removing approximately 30%
of the mass is only one tube out of every 12 — 20 tubes. Through machining the tube to precise,
predetermined wall thickness or tube mass, the tubes can be matched to tolerances within 1%.

This tighter tolerance yields more favorable and consistent electrolysis operations.

11
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TABLE I

New Ceramic Tubes - lower porosit

1P 3 | 21 | 728 [643| 1040 | 606 | 1690 | 856
2WP{ 3% | 20 | 775 |652| 1034 | 505 | 1870 | 944
3P| 36 | 2 | 766 |650| 1031 | 495 | 1790 | 886

4P |21 | 715 |e88| 1025 | 51.0 | 1860 | 949
| 5LP 21| 761|854 1027 | 600 | 1830 | €15 |
6LP| 36 | 21 | 79 |e65| 1028 | 501 | 1820 | 912 |
] [ Men | 742 | [ = |s503[ 1810 [ 910
| Medan | 740 | | [ 603 | 1825 | 913
o wn | 75 | | . |495 | 1690 | 855
b Mex | 7rs [ ] [ 510 [ 1870 | 848
TABLE |l

New Ceramic Tubes - higher porosit

_AMP 136 ] 21 | 835 | 654 | 1027 | 502 | 1873 | 940
mmm-mmm
1 | Mean | 80 ] | | 489 | 1847 | @2

| Meden | 830 | 1 [ 409 | 1847 [ 922 |
| | Mn | 824 [ T | 486 | 1821 | 903
1 | mex [ s [ [ [ 502 | 1873 | 840
1 | Range [ 11 | | | o6 | o0& [ 37

[0034] All of the improvements to the ceramic tubes, inclusive of the ceramic tube

making process; tight powder particle size tolerance; tight porosity tolerance achieved;

uniformity in shape, mass, ID, OD, porosity; machining process; and tight machining tolerances

in ID, OD, and mass have led to more favorable, efficient, and consibtent electrolysis operations.

As can be seen in Tables I-11T above, a comparison of the Mean free available chlorine (FAC)

from the old tubes to the new tubes (lower porosity) yields an increase of approximately 169

13
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ppm FAC (part per million of free available chlorine), or an improvement by 29.5% increased
yield of FAC. The range of differential of the values of the ppm FAC decreased from 179 in the
old tubes to 60 in the new tubes (lower porosity), showing a more consistent FAC production
from tube to tube. Other efficiencies noted are lower mean voltage and watts values for the new
tubes (lower porosity) as compared to the old tubes which indicate better power/energy
efficiency. Similarly, the voltage and watts ranges are decreased in the new tubes (lower
porosity) as compared to the old tubes, which again indicate a more consistent tube and
operation. By making tubes with this new process of a higher porosity (in part by utilizing larger
powder particles) the tubes achieve a higher mean ppm FAC value of 830 ppm FAC while
keeping the B.P.S. % (brine pump speed) the same and other valucs similar as indicated in Table
[l under New Ceramic Tubes — higher porosity.

[0035] All patents and publications mentioned in this specification are indicative of the
levels of those skilled in the art to which the invention pertains. All patents and publications are
herein incorporated by reference to the same extent as if each individual publication was
specifically and individually indicated to be incorporated by reference.

[0036] It is to be understood that while a certain form of the invention is illustrated, it is
not to be limited to the specific form or arrangement herein described and shown. It will be
apparent to those skilled in the art that various changes may be.made without departing from the
scope of the invention and the invention is not to be considered limited to what is shown and
described in the specification and any drawings/figures included herein.

[0037] One skilled in the art will readily appreciate that the present invention is we))
adapted to carry out the objectives and obtain the ends and advantages mentioned, as well as

those inherent therein. The embodiments, methods, procedures and techniques described herein

14
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are presently representative of the preferred embodiments, are intended to be exemplary and are
not intended as limitations on the scope. Changes therein and other uses will occur to those
skilled in the art which are encompassed within the spirit of the invention and are defined by the
scope of the appended claims. Although the invention has been described in connection with
specitic preferred embodiments, it should be understood that the invention as claimed should not
be unduly limited to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in the art are intended to

be within the scope of the following claims.

15
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CLAIMS

What is claimed is:

Claim 1. A sintered ceramic process to create ion-permeable ceramic tubes for electrolytic
cells in a manner which allows for “dialing in” on a desired porosity, structural strength,

concentricity, uniformity, and tight tolerance and cousistency in all dimensions including

porosity, wall thickness, ID, OD, length and mass which will lead to consistent electrolysis

performance.

Claim 2. The process of claim 1 wherein larger porosity to increase ppm FAC production is
provided.

Claim 3. A two-stage batch process for production of an electrolytic ceramic diaphragm
comprising:

a first stage including a step wherein a mold 1s provided consisting of a rigid inner tube
and a rigid outer tube, each of fixed diameters, to create an annular space therebetween, followed
by inserting a dry ceramic powder within said annular space and compression molding said
powder through axial compression into the space between the two rigid tubes; and

a second stage including the step of firing said dry ceramic powder at predetermined
temperature(s) and firing time(s) to convert the “green” product into a porous ceramic tube,

wherein said temperature(s) and firing time(s), are selected based upon a desired final degree of

porosity.

Claim 4. The process of claim 3, wherein the desired final degree of porosity ranges from

0.2 — 1.0 microns, with a tolerance of +/- 0.025 microns.

16
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Claim 5. The process of claim 3 further including a machining step which allows for about

1% to about 40% of the mass of the tube to be removed.

Claim 6. The process of claim 3, wherein said dry ceramic powder 1s selected from the
group consisting of alumina oxides, zirconiurm oxides, yttrium dxides, magnesia, mullite and

mixtures thereof.

Claim 7. The process of claim 3 wherein said predetermined temperature is within the

range of 800 — 1500 degrees Celsius.

Claim 8. The process of claim 3 wherein said predetermined firing time is from about 1

minute to about § hours.

Claim 9. The process of claim 5, wherein said machining step is selected from the group

consisting of use of a lathe, a grinder, a sander, a sand blaster, sand paper, a hone and

combinations therof.

Clam 10. The process of claim 3, wherein a pore enhancer is added to the dry

ceratnic powder prior to firing.

17
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