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SYSTEMS AND METHODS FOR REGENERATION OF AQUEOUS ALKALINE
SOLUTION

FIELD OF THE INVENTION
[001] This invention relates to regeneration of solutions comprising metal ions. Specifically, the
invention is related to regeneration alkaline solutions such as spent electrolyte solutions comprising
metal ions, such as alkaline electrolyte solutions used in metal/air batteries or in hydrogen

generators.

BACKGROUND OF THE INVENTION
[002] Metal-air electrochemical power sources, particularly Al-air batteries and fuel cells with
alkaline electrolyte are suitable for electric vehicles, unmanned aerial vehicles (UAV), reserve and
emergency power supply and other applications.
[003] Metal-air system with alkaline electrolyte has a great electrochemical capacity (about 8k
Wh/kg). However, during the operation of metal-Air batteries, products of the dissolution of metal
anodes are accumulated in the electrolyte thus lowering the efficiency of the metal-air battery.
Accordingly, following a certain operation time, the electrolyte solution needs to be replaced or
regenerated.
[004] One of the ways to regenerate the electrolyte is inducing the precipitation of the products of
aluminum anode dissolution in the form of solid aluminum tri-hydroxide (ATH), and removing of
ATH by filtration. However, the complete regeneration of alkaline solution by this method is not
always possible. Accordingly, there is a need for method to remove the products of aluminum
dissolution from alkaline electrolyte solutions, as complete as possible, and, preferably in a form of
valuable byproducts.
[005] Besides the above mentioned ATH, one group of desired byproducts that dissolved
aluminum may be converted to is layered metal hydroxides (LMHs). LMHs consisting of positively
charged metal hydroxide nano-layers and interlayer anions and water molecules in the intetlayer.
Layered metal hydroxides are used in the industry for ion-exchangers, catalyst, anti-acid, magnetic
material, controlled release formulation, pharmaceutical products and polymer reinforcement
materials, and transparent electrode and optoelectronic devices.
[006] LMHs can be classified into three categories according to the structure and metal-ligand
coordination type. One is layered double hydroxide (LDH) which can be represented by a general
formula of [M*" 1M x(OH): (A )gnmH,0 (M>" divalent metal, M trivalent metal, A:
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interlayer guest anion, 0 < x < 1, m and n are integers). Exemplified LDH is the naturally occurring
mineral hydrotalcite (HTC) which is also referred to as magnesium aluminum hydroxy carbonate
hydrate and is generally represented by the chemical formula: MgsAl,(OH)16CO324H,0. HTC has
found industrial usage in the following application areas.

e Pharmaceuticals (antacid)

e Polymer additive (acid scavenger, fire retardant)

e (Catalyst or catalyst support

e Adsorbent

e Jon exchange material
[007] Along with HTC described above, other LDH compounds exist and have been described in
the technical literature. The defining characteristic of these materials is a layered structure where
sheets of mixed metal hydroxides are separated by an interlayer gap region that contains water
molecules and a negatively charged compound (anion) such as carbonate (COsD. A representation
of this structure is shown in Figure 12.
[008] The negatively charged anions in the interlayer gap act as charge balancing sites to
compensate for the positive charge induced by the presence of e.g. Al* atoms in a structure
originally containing only MgJr2 atoms. Carbonate is the anion that occurs in the natural form of the
HTC mineral. However, synthetic HT'C can be prepared with any negative ion in the interlayer
(OHl', Cll', NOgl', SO42', PO43' etc.). It is also possible to replace the primary cations (Mg and Al)
with other metal ions of equal +2 or +3 charge such as Ca, Zn, Fe, Ni, La ions etc.
[009] Another property of the LDH materials is that the interlayer anion can be replaced with an
alternative anion via a process known as anion exchange. This allows a target anion such as
arsenate (AsO4'3) or chromate (CrO4'2) to be incorporated into the HTC structure via exchange or
absorption from an aqueous medium. This property formed the basis for the Alcoa Industrial
Chemicals water treatment absorbent product Sorbplus®. All of the current industrial applications

of HTC and LDH family compounds are based on synthetically produced material.

SUMMARY OF THE INVENTION
[0010] In one embodiment, this invention provides a system for the treatment of aqueous alkaline
waste solution comprising dissolved hydroxide ions of metal A, said system comprises:
e at least one reservoir;
e solid-liquid separation means;

e concentration means;
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e agitation means;

e inlet for solid and liquid reagent addition;
wherein said system consumes said aqueous alkaline waste solution; and wherein said system
produces a regenerated aqueous alkaline solution, comprising reduced amount of dissolved
hydroxide ions of metal A or wherein said system produces a regenerated aqueous alkaline solution
free of dissolved hydroxide ions of metal A.
[0011] In one embodiment, this invention provides a system for the treatment of aqueous alkaline
waste solution comprising hydroxide ions of metal A, the system comprises:

e at least one reservoir;

e solid-liquid separation means;

e concentration means;

e agitation means;

e inlet for solid and liquid reagent addition;

wherein the system consumes, as a raw material, aluminate-rich aqueous alkaline waste solution;
and wherein the system produces a regenerated aqueous alkaline solution, comprising reduced
amount of dissolved aluminates or free of dissolved aluminate.

[0012] In one embodiment, this invention provides a method for the treatment of aqueous alkaline
waste solution comprising dissolved hydroxide ions of metal A, said method comprising:

o providing a system comprising:

¢ at least one reservoir;

e solid-liquid separation means;

e concentration means;

e agitation means;

e inlet for solid and liquid reagent addition;

o introducing, aqueous alkaline waste solution comprising dissolved hydroxide ions of metal
A into said system;

o producing and separating solid metal A hydroxides, LDH or a combination thereof from said
waste solution and reducing the amount of dissolved hydroxide ions of metal A in said waste
solution, thus producing a regenerated aqueous alkaline solution, comprising reduced
amount of dissolved hydroxide ions of metal A or free of dissolved hydroxide ions of metal
A.

[0013] In one embodiment, this invention provides a method for the treatment of aqueous alkaline

waste solution comprising aluminates, the method comprising:
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o providing a system comprising:
e at least one reservoir;
e solid-liquid separation means;
e concentration means;
e agitation means;
e inlet for solid and liquid reagent addition;

o introducing, aqueous alkaline waste solution comprising aluminates into the system;

o producing and separating ATH, LDH or a combination thereof from the waste solution and
reducing the amount of aluminates in the waste solution, thus producing a regenerated
aqueous alkaline solution, comprising reduced amount of dissolved aluminates or free of
dissolved aluminate.

[0014] In one embodiment, this invention provides a method for the treatment of aqueous alkaline
waste solution comprising dissolved hydroxide ions of metal A and metal B ions, said method
comprising precipitating LDH from said aqueous alkaline waste solution.

[0015] In one embodiment, this invention provides a method for the treatment of aqueous alkaline
waste solution comprising aluminates and metal B ions, the method comprising precipitating LDH
from the aqueous alkaline waste solution.

[0016] In one embodiment, this invention provides a system for production of energy, the system
comprises an energy production unit and a system for the treatment of aqueous alkaline waste
solution comprising hydroxide ions of metal A, wherein the energy production unit comprises a
cathode, an anode and an electrolyte solution, wherein the anode comprising a metal or a metal alloy

and wherein the alloy comprises metals A and B and wherein the

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The invention, however, both as to
organization and method of operation, together with objects, features, and advantages thereof, may
best be understood by reference to the following detailed description when read with the
accompanying drawings in which:
[0018] Figure 1 is a flow chart showing the chemical reaction of Al or Al alloy with alkaline
solution. The “solid precipitate” refers to aluminum tri-hydroxide (ATH).
[0019] Figure 2 is a flow chart showing the electro-chemical reaction of Al or Al alloy with

alkaline solution. The “solid precipitate” refers to aluminum tri-hydroxide (ATH).
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[0020] Figure 3 is a flow chart showing the formation of “new metal compound” from alkaline
solutions comprising aluminate. The “metal compound” refers to metal B ions of this invention.
The ‘solid precipitate” refers to aluminum tri-hydroxide (ATH). The “new metal compound” refers
to LDH formation.

[0021] Figure 4 is a flow chart showing the formation of “new metal compound” from spent
clectrolyte solutions comprising aluminate. The “metal compound” refers to metal B ions of this
invention. The ‘solid precipitate” refers to aluminum tri-hydroxide (ATH). The “new metal
compound” refers to LDH formation.

[0022] Figure 5 is a flow chart showing the two-step regeneration process of an alkaline solution.
[0023] Figure 6 is a flow chart showing the stepwise processing of spent electrolyte solution.
[0024] Figure 7 is a flow chart showing a process wherein spent electrolyte solution undergoes re-
digestion prior to subsequent treatments.

[0025] Figure 8 is a flow chart showing stepwise treatment schemes wherein the first step is
addition of a metal compound rather than hydrolysis.

[0026] Figure 9 is a flow chart showing stepwise treatment that includes steps of: spent electrolyte
re-digestion (optional), hydrolysis, and reaction with metal compound additive; whereas co-solvent
is applied on the step of hydrolysis in purpose to improve the efficiency of the process.

[0027] Figure 10 is a flow chart showing stepwise treatment that includes steps of: spent
clectrolyte re-digestion (optional), hydrolysis, reaction with metal compound additive, and the final
step of re-concentration (by partial water evaporation) in order to cotrect the concentration of
regenerated electrolyte prior to use in the battery.

[0028] Figure 11 is a flow chart showing stepwise treatment that includes steps of: spent
clectrolyte re-digestion (optional), hydrolysis, reaction with metal compound additive, and the final
step of re-concentration by the process of forward osmosis in the membrane apparatus, versus the
flow of spent electrolyte that is then directed to hydrolysis treatment.

[0029] Figure 12 is a representation of hydrotalcite structure.

[0030] Figure 13 is a schematic presentation of the system of this invention, comprising of Energy
production unit, and Electrolyte regeneration unit, wherein aluminum metal, consumed in the
Energy production unit is removed from the system in a form of ATH;

[0031] Figure 14 is a schematic presentation of the system of this invention including an inlet for
metal B ions of this invention and an out let for LDH.

[0032] It will be appreciated that for simplicity and clarity of illustration, elements shown in the

figures have not necessarily been drawn to scale. For example, the dimensions of some of the
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clements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding or

analogous elements.
DETAILED DESCRIPTION OF THE PRESENT INVENTION

Description of the Process

[0033] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those skilled
in the art that the present invention may be practiced without these specific details. In other
instances, well-known methods, procedures, and components have not been described in detail so
as not to obscure the present invention.

[0034] In one embodiment, this invention provides a method and a system that allows to
completely regenerate alkaline solution after it’s utilization in an energy production process (spent
clectrolyte) or in a chemical process, wherein the regenerated electrolyte solution is free of products
of utilization (such as aluminates), and wherein the utilization products are separated in the form of
valuable pure chemicals (LDH and ATH).

[0035] One aspect of this invention is that according to the proposed method, a complete
regeneration of the spent electrolyte is achieved. Complete regeneration means that the regenerated
clectrolyte has free alkali concentration restored to the same level as it was prior to utilization in the
battery or hydrogen generator (or in a chemical process), and the utilization products (such as
aluminates) are completely removed from the regenerated solution (in contrast to other methods of
alkaline solution regeneration, such as, e.g. the regeneration of the liquor of the Bayer process). The
complete regeneration, according to one aspect of this invention, is possible due to the utilization of
irreversible chemical reaction between the utilization products (such as aluminates) with metal
oxide, which results in LDH formation and releases free alkali. This method step appears in the
disclosed figures and is described in detail herein below.

[0036] In one embodiment, if it is desired to separate part of the utilization product (such as
aluminate) in the form of hydroxide (such as ATH), then hydrolysis, or co-solvent assisted
hydrolysis may be applied prior to LDH formation step. It allows to reduce the amount of metal
oxide needed for LDH formation, and to obtain LDH and ATH by-products in the desired ratio
between them.

[0037] In one embodiment, the present invention provides a process for the production of LDH

from an alkaline solution comprising alkali and non-alkali metal ions. In one embodiment, the
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present invention provides a process for the production of LDH from materials formed in an
clectrolyte solution of a metal-air battery. In one embodiment, the present invention provides a
process of regeneration of electrolyte solution for subsequent use, the process comprise the
formation of LDH from used electrolyte and the separation of LDH from the electrolyte. Once the
LDH is separated from the electrolyte, the electrolyte can be re-used in a metal air battery.
According to this aspect and in one embodiment, formation of LDH that comprises metal ions
originating from the metal in the anode and separation of it from the electrolyte solution reduces the
amount of metal ions present in the used electrolyte. The separation of such metal ions from the
clectrolyte results in an electrolyte solution that has low concentration of metal-ion (that had
precipitated) and therefore can be re-used as the electrolyte in the battery. “Metal ions” that had
precipitated refers to the non-alkali metal ions previously present in the solution, e.g. Al ions.
[0038] One advantage of processes of the present invention is that the LDH formed, can be used for
one of the numerous LDH applications as described herein above. Concurrently, the electrolyte can
be re-used, since the amount of hydroxide contaminants in it is now reduced (separated from it in
the form of LDH), and the desired alkaline compound has been reformed. Thus, operation of metal-
air batteries according to processes of the invention is more efficient since the electrolyte is reused.
Moreover, it produces valued LDH materials.
[0039] In one embodiment, this invention provides a method for production of LDH, said method
comprising:

e providing a metal A;

e dissolving said metal A in an alkaline solution such that said metal A forms metal A

ions in said alkaline solution;

e optionally precipitating the part of metal A available in the solution as hydroxide;

e scparating said hydroxide;

e adding metal B ions to said alkaline solution to induce precipitation of LDH;

e scparating said LDH from said alkaline solution; and

e optionally drying said LDH.
[0040] In one embodiment, this invention provides a method for production of LDH, said
method comprising:

e providing a metal alloy wherein said alloy comprises metals A and B;

e dissolving said metal alloy in an alkaline solution such that metals A and B form

metal A ions and metal B ions in said alkaline solution followed by precipitation of

LDH;
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separating said LDH from said alkaline solution; and

optionally drying said LDH.

[0041] In one embodiment, this invention provides a method for production of layered double

hydroxides (LDH) from an electrochemical process, said method comprising:

providing an electrochemical cell comprising a cathode, an anode and an electrolyte
solution, wherein said anode comprising a metal A;

operating said electrochemical cell, such that metal A forms metal A ions in said
clectrolyte solution;

optionally transferring said electrolyte solution to a regeneration unit;

optionally precipitating the part of metal A available in the solution as hydroxide;
separating said hydroxide; adding metal B ions to said electrolyte to induce
precipitation of LDH;

separating said LDH from said electrolyte solution; and

optionally drying said LDH.

[0042] In one embodiment, this invention provides a method for production of layered

double hydroxides (LDH) from an electrochemical process, said method comprising:

providing an electrochemical cell comprising a cathode, an anode and an electrolyte
solution, wherein said anode comprising a metal alloy and wherein said alloy
comprises metals A and B;

operating said electrochemical cell, such that metals A and B form metal A ions and
metal B ions in said electrolyte solution followed by LDH precipitation;

optionally transferring said electrolyte solution to a regeneration unit;

separating said LDH from said electrolyte solution; and

optionally drying said LDH.

[0043] In one embodiment, this invention is directed to methods and systems for the production of

LDH and regeneration of an electrolyte. In another embodiment the LDH comprises Al ions. In

another embodiment, the LDH comprises meixnerite, hydrotalcite (HTC), hydrocalumite or a

combination thereof.

[0044] In one embodiment, the methods or system of this invention make use or comprise an

clectrochemical cell comprising an anode comprising metal A. In one embodiment, the methods or
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system of this invention make use or comprise an alkaline solution comprising metal A. In one
embodiment, metal A is AL In one embodiment, metal A is Mg, Li, Sn, Zn.

[0045] In one embodiment, the methods and system of this invention make use or comprise an
electrochemical cell comprising an anode comprising an alloy of (at least) metal A and a metal B.
In one embodiment, the methods and system of this invention make use or comprise an alkaline
solution comprising an anode comprising an alloy of metal A and a metal B. In one embodiment the
alloy of this invention is Al/Mg alloy, Al/Ga, or Al/Sn. In one embodiment, the alloy comprises Zn,
Mg, Li, Ga, Sn or a combination therecof.

[0046] In one embodiment, the methods and system of this invention make use or comprise a
cathode wherein the cathode is an air cathode. In another embodiment, the cathode comprises silver.
[0047] In one embodiment, the methods of this invention comprise dissolving metal A or metal
alloy wherein the metal alloy comprises at least metal A and metal B, in an alkaline solution; such
that metal A forms metal A ions and metals A and B form metal A ions and metal B ions. In
another embodiment, the dissolving step is performed chemically or electrochemically. In one
embodiment chemical dissolution of metal A or of metals A and B or of any additional metals
present in the metal alloy, generates hydrogen.

[0048] In one embodiment, the methods and system of this invention include a step or an inlet
of/for adding metal B ions to an electrolyte or to an alkaline solution. In another embodiment, the
metal B ion is a metal oxide, metal hydroxide, or a salt. In another embodiment metal B ion which
is added include Mg®* Ga®*, Sn’*, Ca™*, Li*, or combination thereof. In another embodiment, the
metal B ion which is added is Mg2+. In another embodiment, prior to addition of metal B ion a re-
digestion step is performed, wherein said re-digestion comprises heating and agitating the solution
to re-dissolve aluminum tri-hydroxide precipitate that may have formed in solutions of the
invention. In another embodiment, prior to addition of metal B ion, or following the dissolving step,
water is added to said alkaline solution, causing precipitation of aluminum tri-hydroxide (ATH). In
another embodiment, following the separating step of the LDH, the alkaline solution or the
clectrolyte undergoes a treatment step comprising: removal of residual aluminate from the
alkaline/electrolyte solution by precipitation of aluminum tri-hydroxide. In another embodiment,
ATH is precipitated by hydrolysis, electrochemical reaction or by phoresis. In another embodiment,
ATH is removed or partially removed from the solution, and thereby the electrolyte can be reused
(i.e. regeneration of the electrolyte).

[0049] In one embodiment, the methods and system of this invention comprise and make use of an

clectrolyte or other alkaline solution. In one embodiment the electrolyte or the alkaline solution
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includes NaOH. In another embodiment the electrolyte or the alkaline solution includes KOH. In
another embodiment the electrolyte or the alkaline solution includes NH4,OH. In another
embodiment the solution concentration of said KOH, NaOH, NH,OH, said organic base hydroxides
(e.g. choline base) or a combination thereof is 30%. In one embodiment, the alkaline solution
concentration ranges between 10% and 50% weight percent. In one embodiment, the alkaline
solution concentration ranges between 20% and 40% weight percent. In one embodiment, the
alkaline solution concentration ranges between 25% and 35% weight percent.

[0050] In one embodiment, the methods of this invention comprise optionally transferring the used
clectrolyte solution to regeneration unit. In another embodiment, the regeneration unit is on-board.
In another embodiment, the regeneration unit is off-board.

[0051] In one embodiment, the methods of this invention comprise a separation step of the LDH. In
onc embodiment, the separation step includes filtration, centrifugation, washing, solvent
evaporation, compression, decanting, or a combination thereof.

[0052] In one embodiment, this invention provides a process as described in Example 1. According
to this aspect and in one embodiment, metallic Al or an Al alloy is contacted with an alkaline
aqueous solution (pH > 7), that is substantially free of dissolved carbonate, and allowed to
chemically react. A variety of soluble caustic compounds may be used to provide the alkaline
condition of pH > 7 including, but not limited to, NaOH, KOH, NH,OH, LiOH, organic base
hydroxides (e.g. choline base) or a combination thereof. The reaction produces energy (heat) and
chemical products consisting of gas (H»), liquids (dissolved aluminate compounds), and solids
(metal oxide/hydroxide compounds) suspended in the aqueous phase. This aqueous phase contains
some residual dissolved caustic compound from the original solution. The Al alloy may contain
alloying elements beneficial to the operation of Al-Air batteries such as, but not limited to, Mg, Ga,
and Sn. A flow chart showing an embodiment of such process is shown in Figure 1.

[0053] In one embodiment, this invention provides a process as described in Example 2 and in
Figure 2. According to this aspect and in one embodiment, metallic Al or an Al alloy anode is
contacted with an alkaline aqueous clectrolyte solution (pH > 7), that is substantially free of
dissolved carbonate in an electrochemical cell. A variety of soluble caustic compounds may be
used to provide the alkaline condition of pH>7 including, but limited to, NaOH, KOH, NH,OH,
organic base hydroxides (choline base). The electrochemical reaction that occurs produces energy
(electricity + heat) and chemical products consisting of gas (Hj), liquids (dissolved aluminate
compounds), and solids (metal oxide/hydroxide compounds) suspended in the aqueous phase. This

aqueous phase from the electrochemical cell is also known as spent electrolyte and contains some

10



WO 2015/159288 PCT/IL2015/050399

residual dissolved caustic compound from the original solution. The Al alloy may contain alloying
clements beneficial to the operation of Al-Air batteries such as, but not limited to, Mg, Ga, and Sn.
A flow chart showing an embodiment of such process is shown in Figure 2.
[0054] In one embodiment, this invention provides a method for regeneration of an electrolyte from
a metal-air battery, said method comprising:
e providing used electrolyte solution from a metal-air battery wherein said solution comprises
metal A ions;
e adding metal B ions to said used electrolyte to induce LDH precipitation;
e collecting or separating solid LDH from said used electrolyte solution; and
e collecting or separating regenerated electrolyte from said used electrolyte solution, thereby
regenerating said electrolyte.
[0055] In one embodiment, this invention provides a method for regeneration of an electrolyte
from a metal-air battery, said method comprising:
e providing used clectrolyte solution from a metal-air battery, wherein said solution
comprises LDH;
e collecting or separating solid LDH from said used electrolyte solution; and
e collecting or separating regenerated electrolyte from said used eclectrolyte solution,
thereby regenerating said electrolyte.
[0056] In one embodiment, this invention provides methods for regeneration of an electrolyte by
separating LDH from an electrolyte solution. In another embodiment, the methods of regeneration
of an electrolyte further include a re-digestion step (following the providing step, wherein the re-
digestion comprises heating and agitating the electrolyte to re-dissolve aluminum tri-hydroxide
precipitate. In another embodiment, the methods of regeneration of an electrolyte further include
adding water to the electrolyte solution (prior to the separating step of the LDH) causing
precipitation of aluminum tri-hydroxide (ATH). In another embodiment, ATH is removed from said
solution.
[0057] In one embodiment, the methods for regeneration of an electrolyte by separating and
collecting LDH from an electrolyte solution. In another embodiment, following collecting or
separating solid LDH, the electrolyte solution undergoes a treatment step comprising: removal of
residual aluminate from said electrolyte solution by precipitation of aluminum tri-hydroxide which
is further separated/collected.
[0058] In one embodiment, this invention provides a process for the formation of LDH as

described in Example 3. According to this aspect and in one embodiment, an aqueous aluminate
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solution such as the solution formed in Example 1 is treated to chemically convert aluminate
compounds into a mixed metal solid suspended in the aqueous solution (e.g. LDH), and to produce
a dissolved caustic compound. The mixed metal solid can be separated from the solution. The
dissolved caustic compound can be re-used. The conversion/regeneration is accomplished by
addition of metal B ions (oxide, hydroxide, salt of metal B ions) to the aqueous aluminate solution.
The metal B ions can be added as solid powder, as an aqueous solution of dissolved metal salt or a
mixture thereof. The reaction between the dissolved aluminate and the added metal B ions
produces a caustic compound that remains dissolved in the aqueous solution and a solid precipitate
(ATH) suspended in the solution. The dissolved caustic compounds are typically the original
caustic chemicals used in the reaction with the metallic Al or alloy. These include, but are not
limited to, NaOH, KOH, NH4OH and organic base hydroxides (choline base). If the starting
solution is substantially free of dissolved carbonate (and is kept that way via exclusion of air) the
precipitate is a carbonate-free mixed metal hydroxide, one form of which is known as meixnerite
[MgsAl,(OH)15#4H,0]. A flow chart showing an embodiment of such process is shown in Figure 3.
[0059] In one embodiment, this invention provides a process for the formation of LDH as
described in Example 4. According to this aspect and in one embodiment, aqueous electrolyte
solution such as the solution formed in Example 2 is treated to chemically convert (regenerate) the
dissolved aluminate compounds producing a dissolved caustic compound and a mixed metal solid
(LDH) suspended in the aqueous electrolyte. The conversion/regeneration is accomplished by
addition of metal B ions (oxide, hydroxide, salt) to the aqueous electrolyte. The metal B ions can be
added as solid powder, as an aqueous solution of dissolved metal salt or a mixture thereof. The
reaction between the dissolved aluminate and the added metal B ions produces a solid precipitate
(LDH) and produces a caustic compound (e.g. KOH) that remains dissolved in the aqueous
clectrolyte. The dissolved caustic compounds are typically the original caustic chemicals used in the
clectrolytic reaction with the metallic Al or alloy. These include, but are not limited to, NaOH,
KOH, NH4OH and organic base hydroxides (choline base). If the starting electrolyte is substantially
free of dissolved carbonate (and is kept that way via exclusion of air) the precipitate is a carbonate
free mixed metal hydroxide, one form of which is known as meixnerite [MgsAl,(OH),54H,0]. A
flow chart showing an embodiment of such process is shown in Figure 4.

[0060] In one embodiment, this invention provides a process for the regeneration of the alkaline
solution and formation of LDH and ATH described in Example 5 and in Figure 5. According to this
aspect and in one embodiment, the aqueous aluminate solution described in Example 1 is used in a

stepwise treatment process to regenerate the original caustic compound and sequentially produce
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two different solid precipitates (ATH and LDH). In the first step, water is added to the aluminate
solution to cause a hydrolysis reaction that produces a precipitate of aluminum tri-hydroxide
[AI(OH)3] also known as ATH. The hydrolysis reaction also generates a caustic compound that
remains dissolved in the aqueous solution along with unreacted aluminate. The solid ATH is
removed from the solution and the solids free solution undergoes a second processing step. In this
second step, a metal B ion (oxide, hydroxide, salt) is added to the aqueous aluminate solution. The
metal B ion can be added as solid powder, as an aqueous solution of dissolved metal salt or a
mixture thereof. The reaction between the dissolved aluminate and the added metal B ion produces
a caustic compound that remains dissolved in the aqueous solution and a solid precipitate (LDH)
suspended in the solution. The dissolved caustic compounds are typically the original caustic
chemicals used in the reaction with the metallic Al or alloy. These include, but are not limited to,
NaOH, KOH, NH,OH and organic base hydroxides (choline base). If the starting solution is
substantially free of dissolved carbonate (and is kept that way via exclusion of air) the precipitate is
a carbonate free mixed metal hydroxide, one form of which is known as meixnerite
[MgsAl,(OH),3°4H,0]. Contact with air or a process gas stream containing CO; results in removal
of CO, from the gas and incorporation of the CO; into the precipitate solid structure as carbonate.
The contact with CO, described above results in fixation of the gaseous CO; into a solid form and
produces a solid hydroxy-carbonate material, one form of which is known as hydrotalcite
[MgsAl,(OH)16CO324H,0]. A flow chart showing an embodiment of such process is shown in
Figure 5.

[0061] In one embodiment, this invention provides a process for the regeneration of an electrolyte
solution and formation of LDH and ATH as described in Example 6. According to this aspect and
in one embodiment, a stepwise process is described, using spent electrolyte solution such as the
solution described in Example 2. The stepwise process comprises regeneration of an original
caustic compound and a sequential production of two different solid precipitates (ATH and LDH).
[0062] In the first step, water is added to the spent electrolyte (aluminate) solution to cause a
hydrolysis reaction that produces a precipitate of aluminum tri-hydroxide [AI(OH);] also known as
ATH. The hydrolysis reaction also generates a caustic compound that remains dissolved in the
treated electrolyte along with unreacted aluminate. The solid ATH is removed from the solution and
the solids free treated electrolyte undergoes a second processing step. In this second step, metal B
ion (oxide, hydroxide, salt) is added to the treated electrolyte solution. The metal B ion can be
added as solid powder, as an aqueous solution of dissolved metal salt or a mixture thereof. The

reaction between the dissolved aluminate in the treated electrolyte and the added metal B ion
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produces a caustic compound that remains dissolved in the aqueous solution and a solid precipitate
(LDH) suspended in the treated electrolyte. The dissolved caustic compounds are typically the
original caustic chemicals used in the reaction with the metallic Al or alloy. These include, but are
not limited to, NaOH, KOH, NH4OH and organic base hydroxides (choline base). If the starting
solution is substantially free of dissolved carbonate (and is kept that way via exclusion of air) the
precipitate is a carbonate free mixed metal hydroxide, one form of which is known as meixnerite
[MgsAl,(OH)1524H,0]. Contact with air or a process gas stream containing CO; results in removal
of CO2 from the gas and incorporation of the CO; into the precipitate solid structure as carbonate.
The contact with CO, described above results in fixation of the gaseous CO; into a solid form and
produces a solid hydroxy-carbonate material, one form of which is known as hydrotalcite
[MgsAl(OH)16CO324H,0]. A flow chart showing an embodiment of such process is shown in
Figure 6.

[0063] In one embodiment, this invention provides a process as described in example 7. According
to this aspect and in one embodiment, a spent electrolyte solution (such as the solution described in
example 2) undergoes an initial processing step prior to the subsequent treatments. This initial step,
known as re-digestion, consists of heating and agitating the spent electrolyte to re-dissolve any
aluminum tri-hydroxide precipitate that may have formed during storage of the spent electrolyte
prior to the subsequent treatments. After the re-digestion step, the spent electrolyte can be treated
using any of the methods described previously in Examples 3, 4, 5 or 6. A flow chart showing an
embodiment of such process is shown in Figure 7.

[0064] In one embodiment, this invention provides a process as described in example on the Figure
8. According to this aspect and in one embodiment, a process whereby the sequence of stepwise
treatment pathways described in examples 5, 6 and 7 can be reversed such that the first step
becomes the addition of the metal compound rather than hydrolysis. For this case, metal B ion
(oxide, hydroxide, salt) is added to the spent electrolyte solution. The metal B ion can be added as
solid powder, as an aqueous solution of dissolved metal salt or a mixture thereof. The reaction
between the dissolved aluminate in the spent electrolyte and the added metal B ion produces a
caustic compound that remains dissolved in the electrolyte, along with some unreacted aluminate,
and a solid precipitate (LDH) suspended in the treated electrolyte. The dissolved caustic compounds
are typically the original caustic chemicals used in the reaction with the metallic Al or alloy. These
include, but are not limited to, NaOH, KOH, NH,OH and organic base hydroxides (choline base). If
the starting solution is substantially free of dissolved carbonate (and is kept that way via exclusion

of air) the precipitate is a carbonate free mixed metal hydroxide, one form of which is known as
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meixnerite [MgsAl,(OH);524H,0]. Contact with air or a process gas stream containing CO, will
result in removal of CO, from the gas and incorporation of the CO, into the precipitate solid
structure as carbonate. The contact with CO, described above results in fixation of the gaseous CO,
into a solid form and produces a solid hydroxy-carbonate material, one form of which is known as
hydrotalcite [MgsAl,(OH);6CO34H,0]. The solid precipitate is removed from the treated
clectrolyte prior to the second treatment step. In the second treatment step, the residual aluminate in
the solids free treated electrolyte solution is removed by precipitation of aluminum tri-hydroxide.
The precipitation can be accomplished via a number of methods. Examples of these methods
include, but are not limited to, hydrolysis (previously described), electrochemical reaction and
phoresis technology. During the precipitation process, the original caustic metal compound is
regenerated and remains dissolved in the treated electrolyte solution. The aluminum tri-hydroxide
precipitate is removed from the treated electrolyte solution and the solids free solution in suitable
for reuse as electrolyte in the Al-Air battery. A flow chart showing an embodiment of such process
is shown in Figure 8.

[0065] In one embodiment, this invention provides a system for production of energy from
aluminum metal wherein the system includes a reagent regeneration system that can be easily used
for the production of a valuable material as a by-product. In one embodiment, this invention
provides a system for chemical production of energy from aluminum metal that includes a reagent
regeneration system that can be easily used for the production of a valuable material as a by-
product. In one embodiment, systems of this invention are reagent regeneration systems.

[0066] In one embodiment, this invention provides a process as described for example in Figure 9.
According to this aspect and in one embodiment, Figure 9 demonstrates a process comprising the
sequence of stepwise treatment pathways described in Examples 5, 6 and 7, with modification of
co-solvent application on the step of hydrolysis (process 9.3). Said co-solvent is liquid that is added,
along with water, to the spent electrolyte at the hydrolysis step, which improves the process
efficiency regarding the conversion of aluminate compound into ATH, and allows the reduction of
the amount of water added to the electrolyte and the alkali concentration decrease corresponding to
that addition. After hydrolysis process is finalized, co-solvent is recovered from the mixture (e.g. by
distillation), and recycled in the process. Co-solvent recovery may be performed before the solids
separation step (as shown in Figure 9), or after that. Examples of such co-solvents are alcohols
(such as methanol, ethanol, iso-propanol), ketones, or other organic solvents.

[0067] In one embodiment, this invention provides a process as described in the example shown in

Figure 10. According to this aspect and in one embodiment, a process whereby the sequence of
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stepwise treatment pathways described Example 9 is described, with the addition of a re-
concentration step. Process sequence as described in the previous example (Figure 9) produces the
solids-free solution with fairly low (or negligible) content of aluminate compound, while almost all
the alkali is recovered as free hydroxide. However, this solution is diluted in a certain extent,
because of water addition at the hydrolysis step. In order to restore the initial alkali concentration
(and, e.g. re-use this solution as an electrolyte for battery operation) excessive water is removed by
evaporation (process step 10.8). Water, evaporated from electrolyte at the re-concentration step is
re-used in the process for the hydrolysis reaction.

[0068] In one embodiment, this invention provides a process as described in the example shown in
Figure 11. According to this aspect and in one embodiment, a process whereby the sequence of
stepwise treatment pathways described example 10 is shown, while the re-concentration process is
carried out by forward osmosis in a membrane apparatus (instead of an evaporation process). Said
apparatus essentially consists of two chambers divided by a semi-permeable membrane. Said
membrane has a property of selective permeability to alkali, while being much less permeable (or
practically impermeable) to the aluminate compound. Examples of such membranes are cellulose
films (e.g. battery-grade Innovia Cellophane™), ion-exchange membranes (such as Neocepta®,
DuPont Nafion™, Fumatech fumasep®), or other alkali-compatible osmosis membranes. The
process may be implemented in static or continuous flow apparatus, which provides the mass
transfer of alkali through semi-permeable membrane from spent electrolyte flow, which enters the
treatment process, to the regenerated electrolyte flow, coming out of the treatment sequence. The
driving force of the process is alkali concentration gradient, which is in favor of alkali transport to
the regenerated electrolyte flow. Depending on the properties of the membrane, water transport may
occur as well to a certain extent, while water concentration gradient is in the opposite direction -
from the regenerated electrolyte flow (higher water content) to the spent electrolyte (lower water
content). The result of this process step is more concentrated regenerated electrolyte (which is in
favor of it’s further utilization), and spent electrolyte with less alkali content (which is in favor of
further regeneration processes).

[0069] In one embodiment, this invention provides a system for electro-chemical production of
energy from aluminum metal and oxygen (air) that includes a reagent regeneration system that can
be easily used for the production of a valuable material as a by-product.

[0070] In one embodiment, this invention provides a system for production of energy, said system

comprises an energy production unit and a reagent regeneration unit, wherein said energy
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production unit comprises a cathode, an anode and an electrolyte solution, wherein said anode
comprising a metal or a metal alloy and wherein said alloy comprises metals A and B.

[0071] In another embodiment the system of this invention includes an energy production unit and
a reagent regeneration unit. In another embodiment, the energy production unit and the regeneration
units comprise inlets and outlets for introduction and transfer of materials to and from said units. In
another embodiment, the energy production unit is a hydrogen generator or an aluminum-air
battery. In another embodiment, the energy production unit utilizes oxygen from said air. In another
embodiment, the energy production unit, the reagent regeneration unit or combination thereof
comprises an inlet for introduction of metal B ions. In another embodiment, the metal B ion is
selected from a group consisting of Ca, Mg, Ba, Sr and compounds of thereof. In another
embodiment, the metal B ion is a metal-oxide, or metal-hydroxide, or water-soluble salt.

[0072] In one embodiment, systems of this invention produce aluminum tri-hydroxide (ATH). In
one embodiment, systems of this invention produce aluminum-based layered double hydroxides
(LDH). In one embodiment, systems of this invention produce ATH and LDH.

[0073] In one embodiment, systems of this invention produce both ATH and LDH products, while
the ratio between ATH and LDH production may be intentionally varied in a wide range by
changing the conditions of the regeneration process.

[0074] In another embodiment, during operation, energy is produced by the energy production unit
while solid LDH is produced in the energy production unit, regeneration unit or a combination
thereof.

[0075] In one embodiment, systems of the invention comprise two principal units, which can work
cither in parallel as a single unit, or can be independently operated as two standalone units. A
scheme showing such system is represented in Figure 13. The system comprises an energy
production unit (EU) and a reagent regeneration unit (RU). In some embodiment, systems of the
invention refer to the reagent regeneration unit.

[0076] In one embodiment, the energy production unit comprises one of the following: an
aluminum-air battery or a hydrogen generator (aluminum-alkaline) connected to a hydrogen fuel
cell. In both cases, the operation cycle of the EU ends up having the aluminum metal dissolved in
the aqueous clectrolyte solution that forms the outgoing flow of reaction products, the spent
electrolyte (SE). The SE comprises essentially aqueous aluminate solution. The SE is transferred
into the reagent regeneration unit (RU).

[0077] The RU consists essentially of two principal blocks:
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e precipitation reactor-where SE undergoes treatment causing the decomposition of aluminate
compound into ATH precipitate and free alkalinity. This treatment can be done using
hydrolysis, electrolysis, dialysis or combination of.

e separation block - where ATH precipitate is separated, washed, and delivered out of the
system as an essentially solid product, while enriched alkaline solution is recirculated back
to the EU operation cycle.

[0078] In one embodiment, at normal operation mode with regards to material balance, the system
consumes aluminum metal, oxygen (air) and water, and produces nearly solid ATH that may be
used for technical needs, or transferred to an aluminum plant for aluminum metal production.

[0079] In one embodiment, system of the invention comprise two principal units, which can work
cither in parallel as a single unit, or can be independently operated as two standalone units. A
scheme showing such system is represented in Figure 14. The system comprises an energy
production unit (EU) and a reagent regeneration unit (RU).

[0080] In one embodiment this invention provides a reagent regeneration process for electrolyte
solution, wherein metal B ions (bivalent metal such as Ca, Mg, Ba, Sr) can be added to the system
during system operation. In another embodiment, the metal B ion is added in different forms: as an
alloying metal, as oxide, as hydroxide, or as a water-soluble salt without affecting the energy
production operation cycle, and without affecting energy production performance.

[0081] Adding metal B ions into the system includes but not limited to the following forms:

e asan alloy-in the aluminum metal “fuel”;

e as an oxide, an hydroxide or a water-soluble salt-in the electrolyte of a hydrogen generator,
or a working aluminum-air battery;

e as an oxide, hydroxide or a water-soluble salt- in the spent electrolyte stream before
treatment in the RU;

e as an oxide, hydroxide, or a water-soluble salt-in the partly regenerated alkaline solution (in
the case where it still contains residual aluminate compound).

[0082] Addition of metal B ions in the media of aqueous alkaline electrolyte forms the
corresponding oxide-hydroxide which in turn, in the presence of aluminate compound will
spontaneously form mixed metal hydroxide, which is known as layered double hydroxide (LDH) of
the general formula: MeXHAlyHI(OH)(2X+2y)] (An')(y/n)*mHZO (wherein A is an anion, e.g. OH, Cng',
etc.)

[0083] Examples of LDH that can be produced in such a way include meixnerite, hydrotalcite and

hydrocalumite.
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[0084] In one embodiment, LDH is formed from metal B ions and aluminate compound molecule
of alkalinity is released.
[0085] Accordingly, the same RU without any substantial change can produce ATH and
regenerated alkalinity (at usual operation mode) and can produce LDH compound and regenerated
alkalinity if metal B ion added into the system.
[0086] The two production schemes (ATH and LDH), as shown on Figures 13,14 can be done at
the same time or independently.
[0087] In one embodiment, operation of systems of the invention is easily and flexibly switched
from ATH-production mode to LDH-production mode, or to combined operation.
[0088] In one embodiment, LDH compounds produced by the methods and systems of this
invention are used as polymer fillers, fire retardants, catalysts and catalyst supports, drugs, anion-
exchange materials, impurities scavengers or quality ceramic precursors.
[0089] In one embodiment, metal alloys of the invention comprise more than two metals. In one
embodiment, metal alloys of the invention comprise metal A, metal B and metal C. In one
embodiment, metal alloys of the invention comprise metal A, metal B and other metals. In one
embodiment metal alloys of the invention comprising any number of metals.
[0090] In one embodiment, this invention provides a system for the treatment of aqueous alkaline
waste solution comprising dissolved hydroxide ions of metal A, the system comprises:

e at least one reservoir;

e solid-liquid separation means;

e concentration means;

e agitation means;

e inlet for solid and liquid reagent addition;
wherein the system consumes the aqueous alkaline waste solution; and wherein the system
produces a regenerated aqueous alkaline solution, comprising reduced amount of dissolved
hydroxide ions of metal A or wherein the system produces a regenerated aqueous alkaline solution
free of dissolved hydroxide ions of metal A.
[0091] In one embodiment, metal A is aluminum and the dissolved hydroxide ions of metal A are
aluminate [AI(OH), ] ions.
[0092] In one embodiment, the system further produces metal A-containing solid products. In one
embodiment, the metal A-containing solid products comprise aluminum-containing solid products

comprising ATH, LDH or a combination therecof.
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[0093] In one embodiment, the system further comprising temperature control means; distillation
and reflux means; membrane separation means or a combination thereof.

[0094] In one embodiment, the source of the aqueous alkaline waste solution comprising dissolved
hydroxide ions of metal A, is a chemical waste solution from a chemical process comprising
oxidation of metal A or wherein the source of the aqueous alkaline waste solution comprising
dissolved hydroxide ions of metal A, is spent electrolyte from an electrochemical process
comprising oxidation of metal A.

[0095] In one embodiment, the system is modified to operate in a corrosive solution environment
and in the presence of an organic co-solvent to perform the desired operations of the system.

[0096] In one embodiment, the system is located on-board a vehicle. In another embodiment, the
system is off-board a vehicle.

[0097] In one embodiment, this invention provides a method for the treatment of aqueous alkaline
waste solution comprising dissolved hydroxide ions of metal A, the method comprising:

o providing a system comprising:

e at least one reservoir;

e solid-liquid separation means;

e concentration means;

e agitation means;

e inlet for solid and liquid reagent addition;

o introducing, aqueous alkaline waste solution comprising dissolved hydroxide ions of metal
A into the system;

o producing and separating solid metal A hydroxides, LDH or a combination thereof from the
waste solution and reducing the amount of dissolved hydroxide ions of metal A in the waste
solution, thus producing a regenerated aqueous alkaline solution, comprising reduced
amount of dissolved hydroxide ions of metal A or producing a regenerated aqueous alkaline
solution free of dissolved hydroxide ions of metal A.

[0098] In one embodiment, the metal A is aluminum and the hydroxide ions of metal A is
aluminate [Al{OH), ] and the solid metal A hydroxides is ATH [AI(OH)s].

[0099] In one embodiment, the source of the aqueous alkaline waste solution comprising dissolved
hydroxide ions of metal A, is a chemical waste solution from a chemical process comprising
oxidation of metal A or wherein the source of the aqueous alkaline waste solution comprising
dissolved hydroxide ions of metal A, is spent electrolyte from an electrochemical process

comprising oxidation of metal A.
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[00100] In one embodiment, during the chemical or electrochemical process, metal A is dissolved
in an alkaline solution such that metal A forms dissolved metal A ions in the alkaline solution.
[00101] In one embodiment, producing solid metal A hydroxides from the waste solution
comprises separating, or precipitating and separating, the solid metal A hydroxides from the
solution.
[00102] In one embodiment, precipitating solid metal A hydroxides is done using an electrolysis
process, a dialysis process, a hydrolysis process, osmosis, phoresis or a combination thereof.
[00103] In one embodiment, the hydrolysis process comprises adding water to the waste solution,
thus causing precipitation of solid metal A hydroxides.
[00104] In one embodiment, producing solid metal A hydroxides involves the removal of
dissolved hydroxide ions of metal A from the solution by decomposition of the dissolved hydroxide
ions of metal A to solid metal A hydroxides and to free alkali hydroxides.
[00105] In one embodiment, producing and separating LDH from the waste solution comprises:

e adding a metal B ions to the waste solution in the reservoir to induce precipitation of LDH;

e separating the LDH from the waste solution; and

e optionally drying the LDH.
[00106] In one embodiment, prior to the addition of metal B ions the waste solution undergoes re-
digestion, wherein the re-digestion comprises heating and agitating the waste solution to re-dissolve
metal A solid hydroxide precipitate.
[00107] In one embodiment, this invention provides a method for the treatment of aqueous
alkaline waste solution comprising dissolved hydroxide ions of metal A and metal B ions, the
method comprising precipitating LDH from the aqueous alkaline waste solution.
[00108] In one embodiment, the precipitation occurs spontaneously.
[00109] In one embodiment, the source of the aqueous alkaline waste solution comprising
hydroxide ions of metal A, and metal B ions, is a metal alloy comprising metal A and metal B.
[00110] In one embodiment, the aqueous alkaline waste solution comprising hydroxide ions of
metal A, and metal B ions, is formed from the metal alloy comprising metal A and metal B by a
chemical or by an electrochemical process.
[00111] In one embodiment, during the chemical or electrochemical process, metal A and metal
B are dissolved in an alkaline solution such that the metal A forms metal A ions and the metal B
forms metal B ions in the alkaline solution.
[00112] In one embodiment, the metal B ion is selected from a group consisting of Ca, Mg, Ba,

Sr and compounds of thereof.
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[00113] In one embodiment, the electrochemical process is the operation of a metal-air battery. In
one embodiment, the metal-air battery comprises a cathode, an anode and an electrolyte solution,
wherein the anode comprising the metal alloy comprising metals A and B.

[00114] In one embodiment, metal B ions comprise Mg2+ ions. In one embodiment, metal A is
aluminum.

[00115] In one embodiment, the waste solution comprising NaOH, KOH, NH,OH, LiOH or
organic base hydroxides (e.g. choline base). In one embodiment, the concentration of the KOH or
NaOH solution varies between 20 and 45 wt%.

[00116] In one embodiment, the method further comprises filtration, centrifugation, solids cake
compression, washing and dewatering and drying, solvent evaporation, or a combination thereof.
[00117] In one embodiment, the LDH comprises Al In one embodiment, the LDH comprises
meixnerite, hydrotalcite (HTC), or a combination thereof.

[00118] In one embodiment, the separating step comprises filtration, centrifugation, washing,
solvent evaporation, compression, decanting, or a combination thereof.

[00119] In one embodiment, this invention provides a system for production of energy, the
system comprises an energy production unit and the solution treatment system as described herein
above, wherein the energy production unit comprises a cathode, an anode and an electrolyte
solution, wherein the anode comprising a metal or a metal alloy and wherein the alloy comprises
metals A and B.

[00120] In one embodiment, the energy production unit and the solution treatment system
comprise inlets and outlets for introduction and transfer of materials to and from the units.

[00121] In one embodiment, the energy production unit is a hydrogen generator or an aluminum-
air battery. In one embodiment, the energy production unit utilizes oxygen from the air.

[00122] In one embodiment, during operation energy is produced by the energy production unit
while solid LDH is produced in the energy production unit, in the solution treatment system or a
combination thereof.

[00123] In one embodiment the amount of non-alkali metal ions, the amount of aluminates or the
amount of other non-alkali metal-hydroxide ions in solutions used in processes of this invention is
reduced. In one embodiment, the amount of such metal ions or hydroxide ions is reduced by
processes of this invention by 90%. In one embodiment, it is reduced by 80% from its amount
before the process. In one embodiment, the amount of such ions is reduced to below 50%, below
40%, below30%, below 20%, below10%, below 5% or below 1% or below 0.1% of the amount of

these ions before processing by systems and methods of this invention. In one embodiment, % is
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weight percent. In one embodiment, the amount of these ions is zero in solutions regenerated by
systems and methods of this invention. In one embodiment, the amount of these ions is negligible in
solutions regenerated by systems and methods of this invention.

Definitions:

[00124] In the description of this invention, the terms “aluminate” and “aluminate compound”
refer to hydrated aluminate, of the general formula MAI(OH), (whereas M is metal other than
aluminum), presenting in the aqueous solution, in the dissolved form.

[00125] Accordingly, the term “aluminate ion” in the description of this invention refers to
tetrahydroxyaluminate ion of formula AI(OH), .

[00126] In one embodiment, this invention provides methods wherein a metal comprising metal
A or a metal alloy comprising metal A and metal B is dissolved in an alkaline solution wherein the
dissolution is performed chemically or electrochemically. Chemical dissolution of a metal or a
metal alloy means that an oxidation/reduction process between the metal and a reagent in the
solution occurs, resulting in the formation of metal A ions/metal B ions from metal A/metal B.
Once Metal A ions/metal B ions are formed, they dissolve in the solution or in the liquid that is in
contact with the metal/metal alloy. This process is a chemical process. Electro-chemical dissolution
of a metal or a metal alloy, means that an oxidation/reduction process of a metal in one electrode
occurs in conjunction with an oxidation/reduction process occurring on another electrode and the
two electrodes are electrically-connected (e.g. in a discharge mode of a battery). Such
electrochemical process results in the formation of metal A ions/metal B ions from metal A/metal
B. Once Metal A ions/metal B ions are formed, they dissolve in the solution or in the liquid that is
in contact with the metal/metal alloy. This process is an electro-chemical process.

[00127] “On-board” means that the unit or system referred to is placed or located “on” or “in” or
“within” or “on top” of the vehicle in which the battery is installed (e.g. on board the car).

[00128] Off-board means that the unit or system referred to is placed or located at a place outside
or at a distant from the vehicle carrying a battery of the invention. Off-board means not “on” or not
“in” or not “within” or not “on top” of the vehicle in which the battery is installed (e.g. off-board
the car). In one embodiment, Off board location is a gas station, a road-side station, a garage, a
parking lot, a home, a warechouse, an auto-care center etc.

[00129] Metal A and/or metal B and other metals used in methods and systems of this invention
as pure metals or in alloys comprise any metal known in the art. In one embodiment, Metal A
and/or metal B and other metals used in methods and systems of this invention as pure metals or in

alloys comprise Al, Ca, Zn, Fe, Ni, La, Mg, Li, Sn, Zn, Ga or combinations thercof. In one
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embodiment, metals used in systems and methods of this invention comprise Cu, Cr, Co, In or
combinations thereof.

[00130] Alkaline or alkaline solution is a basic solution. Alkaline solution is a solution with a pH
value greater than 7.0. An alkaline solution is a solution comprising a base. An example of alkaline
solution is a solution of KOH or NaOH dissolved in water. In some embodiments, caustic solutions
are highly basic solutions or concentrated alkaline solutions.

[00131] Embodiments of this invention that refer to spent electrolyte may refer to any other
alkaline solution that comprises hydroxides and both alkali and non-alkali ions. Embodiments of
this invention that refer to spent electrolyte may refer to any other alkaline solution that comprises
non-alkali metal ions and hydroxides.

[00132] In one embodiment, a metal alloy is a mixture comprising two or more metals.

[00133] Aluminates are ions comprising aluminum ions and hydroxide ions. Aluminates can be
represented by AI(OH),. Embodiments of this invention that refer to aluminates may refer to other
metal hydroxide ions as well (i.e. hydroxides wherein the metal is not Al but another metal).

[00134] In one embodiment, the system for the treatment of aqueous alkaline waste solution is the
reagent regeneration unit.

[00135] In one embodiment, spent electrolyte is used electrolyte. In one embodiment, spent
clectrolyte is the electrolyte obtained from a battery following operation of the battery.

[00136] In one embodiment, free alkali is alkali that is not bound to aluminate. Dissolved KOH,

NaOH are examples of free alkali. Bound alkali, in contrast to free alkali, is alkali that is bound to
aluminate or to similar hydroxide ions, e.g. KAI(OH)..

[00137] In one embodiment, the term “a” or “one” or “an” refers to at least one. In one
embodiment the phrase “two or more” may be of any denomination, which will suit a particular
purpose. In one embodiment, “about” or "approximately” may comprise a deviance from the
indicated term of + 1 %, or in some embodiments, - 1 %, or in some embodiments, + 2.5 %, or in
some embodiments, + 5 %, or in some embodiments, &+ 7.5 %, or in some embodiments, + 10 %, or
in some embodiments, + 15 %, or in some embodiments, + 20 %, or in some embodiments, + 25 %.

[00138] The following examples are presented in order to more fully illustrate the preferred
embodiments of the invention. They should in no way be construed, however, as limiting the broad

scope of the invention.

EXAMPLES
EXAMPLE 1
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Chemical Reaction of Al alloy with alkaline solution

[00139] Al2.5Mg metal alloy is contacted with 30 wt% aqueous KOH that is kept substantially
free of dissolved carbonate by exclusion of air. The resulting chemical reaction produces heat that
raises the solution temperature from ambient to >50 °C. At the same time, the reaction produces
hydrogen gas, dissolved potassium aluminate [KAI(OH)] and a solid precipitate of meixnerite
[MgcAl(OH),34H,0] suspended in the aqueous solution. The ending solution will typically also
contain some residual dissolved caustic compound (KOH in this example).
EXAMPLE 2
Electro-Chemical Reaction of Al alloy with alkaline solution

[00140] Al2.5Mg metal alloy is contacted with 30 w% aqueous KOH that is kept substantially
free of dissolved carbonate by exclusion of air in an electrochemical cell. The resulting
clectrochemical chemical reaction produces electricity and heat that raises the solution temperature
from ambient to >50 °C. At the same time, the reaction produces hydrogen gas, dissolved
potassium aluminate [KAI(OH)4s] and a solid precipitate of meixnerite [MgsAl,(OH)3°4H,0]
suspended in the aqueous solution. The ending solution will typically also contain some residual

dissolved caustic compound (KOH in this example).

EXAMPLE 3

Formation of meixnerite from alkaline solutions comprising aluminate

[00141] Magnesium oxide powder is added to a carbonate free aqueous solution consisting of 4
w% KOH and 56 w% potassium aluminate [KAI(OH)4]. The resulting chemical reaction produces
KOH which remains dissolved in solution and a solid precipitate of meixnerite
[MgsAl,(OH)13°4H,0] suspended in the solution. The ending treated aqueous solution can also

contain unreacted dissolved potassium aluminate.

EXAMPLE 4

Formation of meixnerite from spent electrolyte solutions comprising aluminate

[00142] Magnesium oxide powder is added to a carbonate-free aqueous spent electrolyte
consisting of 4 w% KOH and 56 w% potassium aluminate [KAI(OH),]. The resulting chemical
reaction produces KOH which remains dissolved in the electrolyte and a solid precipitate of
meixnerite [MgsAl,(OH)524H>0] suspended in the electrolyte solution. The ending solution can

also contain unreacted dissolved potassium aluminate.
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EXAMPLE 5

Two-step regeneration process of an alkaline solution

[00143] In the first treatment step of an alkaline solution, water is added to a carbonate free
aqueous solution consisting of 4 wt% KOH and 56 wt% potassium aluminate [KAI(OH)4]. The
volume ratio of water added can be anywhere from (.5 to 3 times the volume of aluminate solution.
The resulting chemical reaction (hydrolysis) produces KOH which remains dissolved in solution
and a solid precipitate of aluminum tri-hydroxide [Al(OH);] suspended in the solution. The ending
treated aqueous solution can also contain unreacted dissolved potassium aluminate. The precipitate
[AI(OH);] is removed and the solids free aluminate solution undergoes additional treatment. In this
second treatment step, magnesium oxide powder is added to the KOH/potassium aluminate
solution. The resulting chemical reaction produces additional KOH which remains dissolved in the
electrolyte and a solid precipitate of meixnerite [MgesAlo(OH),324H,0] suspended in the electrolyte
solution. The ending solution can also contain residual unreacted dissolved potassium aluminate. If
desired, contact with air or a process gas stream containing CO, will result in removal of CO; from
the gas and incorporation of the CO; into the precipitate solid structure as carbonate. The contact
with CO;, described above results in fixation of the gaseous CO; into a solid form and produces the
solid hydroxy-carbonate material known as hydrotalcite [MgsAlL{OH),CO3+4H,0].
EXAMPLE 6

Stepwise processing of spent electrolyte solution

[00144] In the first treatment step of an electrolyte solution, water is added to a carbonate free
aqueous spent electrolyte consisting of 4 w% KOH and 56 w% potassium aluminate [ KAI(OH)].
The volume ratio of water added can be anywhere from 0.5 to 3 times the volume of spent
electrolyte solution. The resulting chemical reaction (hydrolysis) produces KOH which remains
dissolved in solution and a solid precipitate of aluminum tri-hydroxide [Al(OH);] suspended in the
solution. The ending treated electrolyte solution can also contain unreacted dissolved potassium
aluminate. The precipitate is removed and the solids free, treated electrolyte solution undergoes
additional treatment. In this second processing step, magnesium oxide powder is added to the
KOH/potassium aluminate solution. The resulting chemical reaction produces additional KOH
which remains dissolved in the electrolyte and a solid precipitate of meixnerite
[MgeAl»(OH)1324H,0] suspended in the electrolyte solution. The ending solution can also contain
residual unreacted dissolved potassium aluminate. If desired, contact with air or a process gas
stream containing CO, will result in removal of CO, from the gas and incorporation of the CO, into

the precipitate solid structure as carbonate. The contact with CO, described above results in fixation
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of the gaseous CO; into a solid form and produces the solid hydroxy-carbonate material known as
hydrotalcite [MgsAl(OH);6CO3¢4H,0].
[00145] While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skill in
the art. It is, therefore, to be understood that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the invention.

EXAMPLE 7

Description of the apparatus

[00146] Along with the various processing options previously described, a novel combination of
equipment has been identified as the apparatus required for performing the necessary process steps.
The apparatus can be defined by describing the equipment used to perform each process step.
Production of the Energy, and utilization of Electrolyte

[00147] In one embodiment of the disclosed invention, metal or metal alloy is contacted with
aqueous alkaline electrolyte. This process is facilitated by an apparatus, which essentially is a
closed vessel made of alkali-resistant material, having an internal setup, allowing the arrangement
of metal pieces in such a way that electrolyte may flow around in a contact with the metal pieces
surface. Hydrogen gas that evolves as a result of reaction of metal with electrolyte, leaves the vessel
through the gas exhaust line on the vessel top, and may be further used as a fuel for production of
energy. The reaction heat is absorbed by the electrolyte mass, and then removed from the
clectrolyte flow by any mean of heat exchange, for further utilization. As a result of the reaction,
alkaline electrolyte in the vessel accumulates products of metal dissolution. In one embodiment the
metal is pure aluminum metal and the product of metal dissolution is alkali aluminate compound. In
one embodiment the metal is aluminum alloy, and the products of metal dissolution are alkali
aluminate compound and LDH solid precipitate. This apparatus, comprising closed vessel, means of
contacting metal with electrolyte in the vessel, hydrogen exhaust line, means for electrolyte
circulation, means of heat exchange, is schematically shown in Figure 1 (1.1), Figure 3 (3.1), and
Figure 5 (5.1).

[00148] In one embodiment metal appears in the shape of the electrode(s), and the elelctrode(s) is
(are) contacted with alkaline electrolyte in the apparatus, which essentially is a metal-air battery,
feed by oxygen or air. In this embodiment chemical energy of metal is converted preferably to
clectric energy and heat. In parallel to the process of electricity production, a process of metal direct
reaction with electrolyte may occur as well, which will result in hydrogen evolution. The apparatus

facilitating the process, comprising metal-air battery, electrolyte tank with hydrogen gas exhaust
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line, means of electrolyte circulation, and heat exchange, is schematically shown in Figure 2 (2.1),
Figure 4 (4.1), Figure 6 (6.1), Figure 7 (7.1), Figure 8 (8.1), Figure 9 (9.1), Figure 10 (10.1), and
Figure 11 (11.1).

[00149] Electrolyte utilized in chemical and electrochemical processes mentioned in this section
(referred to as spent electrolyte) is subject to further treatment according to methods of this
invention.

Production of ATH from spent electrolyte

[00150] As previously described, spent electrolyte of processes of energy production consists of
dissolved metal, e.g. Al, in the form of alkali aluminate, e.g potassium aluminate (KAI(OH)4), and
a portion of the starting potassium hydroxide (KOH) electrolyte. In order to recover ATH
(AI{OH)3) from the solution, the equilibrium solubility of the KAI(OH)s must be changed. This can
be accomplished by lowering the concentrations of KOH and KAI(OH)s. Lowering the
concentrations can be done by general dilution, adding water or another liquid phase, or by active
transport of water and/or KOH to another fluid. When the dilution approach is used, a temperature
controlled agitated reactor vessel is the apparatus of choice. Alternatively, the same degree of
dilution/agitation can be accomplished in a continuous flowing apparatus by producing turbulent
flow inside a piping circuit. This apparatus is shown in Figure 3 (3.2), Figure 4 (4.2), Figure 5
(5.2), Figure 3 (3.2), Figure 6 (6.2), Figure 3 (3.2), Figure 3 (3.2), Figure 8 (8.3), Figure 9 (9.3),
Figure 10 (10.3), and Figure 11 (11.4).

[00151] When active transport of water and or KOH is used to destabilize the KAI(OH)4
equilibrium, a membrane electrochemical cell or membrane dialysis/phoresis apparatus is used. A
schematic representation of these devices is shown in Figure 8 (8.5).

Separation of ATH solids from solution

[00152] The act of precipitating ATH also produces additional free KOH in solution. Both the
ATH solids produced during the prior ATH precipitation step and the dissolved KOH need to be
recovered from the solution. This solids/liquid separation can be accomplished using separation
devices modified to handle the corrosive nature of the solution. These devices include, but are not
limited to, precipitator, filter-press, centrifuge, hydrocyclone, or functionally similar devices for
solids-liquid separation. The key feature of the device is that the recovery of both solid ATH and
KOH solution must be maximized. A schematic representation of these devices is shown in Figure
3 (3.2), Figure 4 (4.3), Figure 5 (5.3), Figure 6 (6.3), Figure 8 (8.4), Figure 9 (9.5), Figure 10 (10.5),
and Figure 11 (11.6).

Co-solvent Recovery
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[00153] When a co-solvent is used in ATH precipitation, the co-solvent must be removed from
the resulting KOH solution before production of LDH can begin. The co-solvent can be removed by
exploiting the differences in chemical and physical properties between the organic co-solvent and
the aqueous KOH solution. These properties include, but are not limited to, vapor pressure, polarity
and molecular size. Separation devices based on these properties are:

1. Evaporation of volatile liquids followed by condensation of vapors at a lower
temperature back to liquid phase. This can be accomplished in single or multi stage
distillation equipment;

2. Liquid pervaporation using selective membranes and operating at pressurc below
atmospheric;

3. Size exclusion membrane filtration using polymer or ceramic membrane devices
operated at pressure substantially above atmospheric;

4. Diffusion membrane devices (forward or reverse 0smosis) using co-current or
counter current liquid flows to selectively transfer a chemical component from one
liquid to another. Alternatively this can be operated in a single or multiple batch
mode.

[00154] Co-solvent recovery apparatus examples schematically shown in Figure 9 (9.4), Figure
10(10.4), and Figure 11(11.5),

LDH production

[00155] The solution after co-solvent recovery is now suitable for use in production of LDH
products. At this point, a suitable solid phase material must be added to the solution and brought
into intimate contact with the solid phase material at elevated temperature. The choice of solid
phase material is based on the type of LDH desired and can be, but is not limited to, MgO,
Mg(OH),, MgCOs;, Ca0, Ca(OH),, CaCO;, LiO, LiOH, Li;COs and other metal oxides, hydroxides
or carbonates. It is also possible to add a soluble metal salt to the solution to produce the desired
LDH such as, but not limited to metal chlorides, nitrates or sulfates. However, care must be taken in
selecting metal chemicals that do not detrimentally affect the performance of the KOH solution in
subsequent Al-air battery reuse applications.

[00156] The devices for LDH production are functionally similar to the devices previously used
for ATH production such as the temperature controlled, agitated reactor vessel and/or the turbulent
circulating liquid system. The major difference being that LDH production requires a higher

temperature than ATH production and does not benefit from the use of a co-solvent.
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[00157] A schematic representation of these devices is shown in Figure 9 (9.6), Figure 10 (10.6),
and Figure 11 (11.7).
LDH and KOH recovery
[00158] The act of producing LDH also generates additional free KOH in solution. Both the LDH
solids and the dissolved KOH need to be recovered. This solids/liquid separation can be
accomplished using separation devices modified to handle the corrosive nature of the solution.
These devices include, but are not limited to, filter-press, centrifuge or functionally similar devices
for solids-liquid separation. The key feature of the device is that the recovery of both solid LDH and
KOH solution must be maximized. A schematic representation of these devices is shown in Figure
5 (5.9), Figure 6 (6.5), Figure 8 (8.6), Figure 9 (9.7), Figure 10 (10.7), and Figure 11 (11.8).
KOH solution concentration adjustment
[00159] The KOH solution remaining after the ATH and LDH production steps is ultimately
intended to be reused in Al-air battery applications. As such it must be supplied at the KOH
concentration needed for optimum battery operation. It is likely that the KOH solution present after
ATH and LDH production will be less than the desired concentration for optimum battery reuse and
will require concentration adjustment. This concentration adjustment can be accomplished several
ways such as:

1. Addition of new KOH sufficient to react the desired target concentration;

2. Removal of water sufficient to obtain the target KOH concentration;

3. Transfer of KOH from a higher concentration source such as incoming spent

clectrolyte

[00160] The apparatus for KOH addition can be an agitated mixing vessel with provision for
metered addition of solid or liquid KOH. The apparatus for water removal is functionally similar to
what was previously described for co-solvent removal:

1. Evaporation of volatile liquids followed by condensation of vapors at a lower temperature
back to liquid phase. This can be accomplished in single or multi stage distillation
equipment, as schematically represented in Figure 10 (10.8);

2. Diffusion membrane devices (forward or reverse osmosis) using co-current or counter
current liquid flows to selectively transfer a chemical component from one liquid to another,
as schematically represented of Figure 11 (11.2);

3. Liquid pervaporation using selective membranes and operating at pressure below

atmospheric;
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4. Size exclusion membrane filtration using polymer or ceramic membrane devices operated at
pressure substantially above atmospheric.

[00161] The devices previously described can be operated in a stepwise fashion in either

continuous or batch mode. It is also possible to combine, include or exclude individual apparatus

and/or process steps as necessary to achieve desired process outputs.
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1.

CLAIMS

A system for the regeneration of spent electrolyte from an electrochemical
process comprising oxidation of aluminum, the spent electrolyte comprising
aqueous alkaline solution comprising dissolved hydroxide ions of aluminum, said
system comprises:

e at least one reservoir;

e solid-liquid separation means;

e concentration means;

e agitation means;

e inlet for solid and liquid reagent addition;
wherein said system consumes said aqueous alkaline solution; and
wherein said system produces a regenerated aqueous alkaline solution, comprising
reduced amount of dissolved hydroxide ions of aluminum or wherein said system
produces a regenerated aqueous alkaline solution free of dissolved hydroxide ions
of aluminum, and
wherein the system further produces aluminum-containing solid products, and
wherein said aluminum-containing solid products comprise layered double
hydroxide LDH.
The system of claim 1, wherein said dissolved hydroxide ions of aluminum are
aluminate [Al(OH)4 ] ions.
The system of claim 2, wherein said aluminum-containing solid products
comprise LDH and optionally aluminum tri-hydroxide ATH.
The system of claim 1, further comprising temperature control means; distillation
and reflux means; membrane separation means or a combination thereof.
The system of claim 1, wherein said system is located on-board a vehicle.
The system of claim 1, wherein said system is off-board a vehicle.
A method for the regeneration of spent electrolyte from an electrochemical
process comprising oxidation of aluminum, the spent electrolyte comprising
aqueous alkaline solution comprising dissolved hydroxide ions of aluminum, said

method comprising:
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8.

10.

11.

12.

o providing a system comprising:

at least one reservoir;

solid-liquid separation means;

concentration means;

agitation means;

inlet for solid and liquid reagent addition;

o introducing, aqueous alkaline solution comprising dissolved hydroxide
ions of aluminum into said system;

o producing and separating aluminum-containing solid products comprising,
LDH and optionally comprising solid aluminum hydroxides from said
solution and reducing the amount of dissolved hydroxide ions of
aluminum in said solution, thus producing a regenerated aqueous alkaline
solution, comprising reduced amount of dissolved hydroxide ions of
aluminum or free of dissolved hydroxide ions of aluminum,

wherein said producing and separating LDH from said solution comprises:
¢ adding metal B ions to said solution in said reservoir to induce precipitation
of LDH;

e separating said LDH from said solution; and
e optionally drying said LDH.

The method of claim 7, wherein said hydroxide ions of aluminum is aluminate
[Al(OH)4] and said solid aluminum hydroxides is ATH [Al(OH);].
The method of claim 7, wherein said producing solid aluminum hydroxides from
said solution comprises separating, or precipitating and separating, said solid
aluminum hydroxides from said solution.
The method of claim 9, wherein said precipitating said solid aluminum hydroxides
is done using an electrolysis process, a dialysis process, a hydrolysis process,
osmosis, phoresis or a combination thereof.
The method of claim 10, wherein said hydrolysis process comprises adding water
to said solution, thus causing precipitation of solid aluminum hydroxides.
The method of claim 7, wherein said producing solid aluminum hydroxides

involves the removal of dissolved hydroxide ions of aluminum from said solution
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13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

by decomposition of said dissolved hydroxide ions of aluminum to solid
aluminum hydroxides and to free alkali hydroxides.

The method of claim 7, wherein, prior to said addition of metal B ions said
solution undergoes re-digestion, wherein said re-digestion comprises heating and
agitating said solution to re-dissolve aluminum solid hydroxide precipitate.

A method for the regeneration of spent electrolyte from an electrochemical
process comprising oxidation of aluminum, the spent electrolyte comprising
aqueous alkaline solution comprising dissolved hydroxide ions of aluminum and
metal B ions, said method comprising precipitating LDH from said aqueous
alkaline solution, wherein the source of said aqueous alkaline solution comprising
hydroxide ions of aluminum, and metal B ions, is a metal alloy comprising
aluminum and metal B.

The method of claim 14, wherein said precipitation occurs spontaneously.

The method of claim 14, wherein during said electrochemical process, aluminum
and metal B are dissolved in an alkaline solution such that said aluminum forms
aluminum ions and said metal B forms metal B ions, thus forming said alkaline
solution comprising dissolved hydroxide ions of aluminum and metal B ions.

The method of claim 7, wherein said metal B ion is selected from a group
consisting of Ca, Mg, Ba, Sr and compounds of thereof.

The method of claim 14, wherein said electrochemical process is the operation of
a metal-air battery.

The method of claim 18, wherein said metal-air battery comprises a cathode, an
anode and an electrolyte solution, wherein said anode comprising said metal alloy
comprising aluminum and metal B.

The method of claim 7, wherein said metal B ions comprise Mg*" ions.

The method of claim 7, wherein said solution further comprises NaOH, KOH,
NH4OH, LiOH or organic base hydroxides.

The method of claim 21, wherein the concentration of said KOH or NaOH
solution varies between 20 and 45 wt%.

The method of claim 7, wherein said method further comprises filtration,
centrifugation, solids cake compression, washing, decanting, dewatering, drying,
solvent evaporation, or a combination thereof.
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24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

The method of claim 14, wherein said LDH comprises meixnerite, hydrotalcite
(HTC), or a combination thereof.

A system for production of energy, said system comprises an energy production
unit and the system of claim 1, wherein said energy production unit comprises a
cathode, an anode and an electrolyte solution, wherein said anode comprising a
metal or a metal alloy and wherein said alloy comprises aluminum and metal B.
The system of claim 25, wherein said energy production unit and said system
comprise inlets and outlets for introduction and transfer of materials to and from
said units.

The system of claim 25, wherein said energy production unit is a hydrogen
generator or an aluminum-air battery.

The system of claim 27, wherein said energy production unit utilizes oxygen
from said air.

The system of claim 25, wherein during operation energy is produced by said
energy production unit while solid LDH is produced in said system and optionally
in said energy production unit.

The method of claim 14, wherein said metal B ion is selected from a group
consisting of Ca, Mg, Ba, Sr and compounds of thereof.

The method of claim 14, wherein said metal B ions comprise Mg®* ions.

The method of claim 14, wherein said solution further comprises NaOH, KOH,
NH4OH, LiOH or organic base hydroxides.

The method of claim 14, wherein said method further comprises filtration,
centrifugation, solid cake compression, washing, decanting, dewatering, drying,
solvent evaporation, or a combination thereof.

The method of claim 14, wherein said LDH comprises Al.

The method of claim 7, wherein said LDH comprises meixnerite, hydrotalcite
(HTC), or a combination thereof.

The method of claim 21, wherein said organic base hydroxides is a choline base.

The method of claim 32, wherein said organic base hydroxides is a choline base.
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