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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to zinc anodes and to method of producing zinc anodes
having dimensional/geometrical stability during a battery charge/discharge operation. Batteries
comprising anodes of the invention are suitable for electric vehicles, portable electronics,
drones and other applications.

BACKGROUND OF THE INVENTION

[0002] Rechargeable zinc electrodes have application in secondary (rechargeable) cells and
batteries that incorporate a zinc negative flat electrode (anode). Examples of such
rechargeable cells and batteries in which the electrolyte is alkaline (aqueous KOH) are silver-
zinc, zinc-air, nickel-zinc and manganese dioxide-zinc and other systems.

[0003] The usual practice to produce a zinc anode for zinc-air secondary batteries has been
to prepare a paste containing the solid components of the anode and containing the
electrolyte. US Patent Application 20060257744 teaches that an anode could be manufactured
by mixing the zinc powder, an organic binding agent (which is used for shape stability), gelling
agent and other solid components with an electrolyte to form a paste and pressing a current
collector into the paste. US Patent 6,582,851 discloses the use of an encapsulation technique
for surrounding the zinc/zinc oxide particles with a special material which induces the zinc to
re-plate in the same mesh size as it was originally assembled. The paste of this material also
contains organic powder material and liquid electrolyte.

[0004] Until now poor deep cycle lifetime has been observed in systems with these zinc
anodes, typically below 200-300 cycles at depths of discharge (DOD) of above 50%. The zinc
electrode is not highly stable on charge/discharge cycling in the alkaline electrolyte and the
zinc active mass in the electrode tends to partially dissolve in the electrolyte and redistribute in
a non-uniform manner. Another problem with such anodes is that the organic powder binder
tends to coagulate as a film on the outside of the electrode. This reduces the effect of the
binder in avoiding shape changes.

[0005] Two major failure modes have been encountered. In the first failure mode (dendrite
failure) the cell shorts out on charge due to the uncontrolled growth of zinc dendrites between
the zinc flat electrode and the opposing positive electrode, with the dendrites penetrating the
separator between the electrodes. In the second failure mode (shape change failure) the zinc
redistributes on cycling to gather on the lower portions of the electrode. This causes increased
mechanical stress in the cell stack, a lower electrode active area, and a successively reduced
capacity return (capacity fading) on cycling.
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[0006] US 2005/0106457 discloses a method for forming an anode comprising zinc for an
alkaline cell, the method involves mixing zinc with binders, surfactant and water to form a wet
paste. The wet paste is molded into the near shape of the cell's anode cavity. US
2003/0215717 discloses a high capacity battery comprising a cathode and an anode with a
separator in between that are spirally wound. The anode comprises an anode mixed layer
including tin-containing alloy powders and a carbon material.

SUMMARY OF THE INVENTION

[0007] In one embodiment, this invention provides compositions of zinc electrodes, batteries
comprising zinc electrodes of this invention and methods of preparation thereof. This invention
further provides methods of use of batteries comprising the zinc electrodes of this invention.

[0008] In one embodiment, this invention provides a rechargeable zinc electrode, according to
claim 1.

[0009] In one embodiment, the composition further comprises a stabilizing agent.
[0010] In one embodiment, the porosity of the electrode is at least 35 vol.%.

[0011] In one embodiment, this invention provides a rechargeable zinc electrode, according to
claim 1, comprising a current collector and a composition wherein the composition comprises:

1.a
2.b
3.¢c
4.d

between 1.0-99.0 wt% zinc or zinc alloy powder;

optionally between 99.0-1.0 wt% zinc oxide or zinc oxide alloyed powder;
between 0.1-10 wt% thermoplastic organic binder material, and

between 0.01-10 wt% gelling agent;

~— O e e

wherein said wt% is from the total weight of the composition.

[0012] In one embodiment, the composition further comprises a stabilizing agent at a wt%
ranging between 0.1-20wt%, wherein the wt% is from the total weight of the composition.

[0013] In one embodiment, this invention provides a rechargeable battery according to claim
6.

[0014] In one embodiment, the composition further comprises a stabilizing agent.

[0015] In one embodiment, this invention provides a rechargeable battery according to claim
6, wherein said composition comprises:

1. a) between 1.0-99.0 wt% zinc or zinc alloy powder;
2. b) optionally between 99.0-1.0 wt% zinc oxide or zinc oxide alloyed powder;
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3. ¢) between 0.1-10 wt% thermoplastic organic binder material; and
4. d) between 0.01-10 wt% gelling agent;

wherein the wt% is from the total weight of said composition.

[0016] In one embodiment, the composition further comprises a stabilizing agent at a wt%
ranging between 0.1-20 wt%, wherein the wt% is from the total weight of the composition.

[0017] In one embodiment, this invention provides a method for producing a zinc electrode,
according to claim 1, the method comprising:

1. a) preparing a homogeneous mixture comprising of zinc or zinc alloy powder, optionally
zinc oxide or zinc oxide alloyed powder, a polymer powdered material, optionally a pore
former material and optionally a gelling agent

2. b) pasting, pressing or rolling the homogeneous mixture on top and/or around a current
collector thus forming a dry green compact;

3. ¢) sintering the formed dry green compact at a temperature above the melting point of
said polymer powdered material;, and

4. d) optionally removing said pore former or portions thereof by dissolving the product of
step c) in a liquid.

[0018] In one embodiment, the homogeneous mixture further comprises a precursor of a
stabilizing agent and the sintering step is conducted at a temperature above the
precursor/stabilizing agent phase-transition temperature.

[0019] In one embodiment, the current collector comprises a silver-coated nickel screen. In
one embodiment, the sintering temperature ranges between 250 °C and 350 °C.

[0020] In one embodiment, this invention provides a method of operating a vehicle, said
method comprising:

» providing a rechargeable battery comprising at least one anode comprising the electrode
of claim 1 and at least one cathode, wherein said anode comprising:
1. a) a zinc or zinc alloy powder;
2. b) optionally a zinc oxide or zinc oxide alloyed powder;
3. ¢) a thermoplastic organic binder material; and
4. d) optionally a gelling agent;
5. e) wherein said electrode is porous; and
* using said battery to operate a vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0021] 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:

Figure 1 is a SEM image of the anode after sintering; 1: particle of zinc powder; 2: melted PFA;
3: gamma AlxOs3.

[0022] 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
elements 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

[0023] 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.

[0024] In one embodiment, the present invention provides a method to eliminate or to greatly
reduce battery/electrode failure modes. Reducing the failure modes is achieved by
substantially immobilizing the zinc active mass in its charged form (zinc) or discharged form
(zinc oxide).

[0025] In one embodiment, this invention provides a rechargeable zinc electrode, according to
claim 1.

[0026] In one embodiment, the composition further comprises a stabilizing agent.
[0027] In one embodiment, the porosity of the electrode is at least 35%.

[0028] In one embodiment, this invention provides a rechargeable zinc electrodes, according
to claim 1, the electrode comprising a current collector and a composition comprising:

1. a) between 1.0-99.0 wt% zinc or zinc alloy powder;
2. b) optionally between 99.0-1.0 wt% zinc oxide or zinc oxide alloyed powder;
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3. ¢) between 0.1-10 wt% thermoplastic organic binder material;
4. d) between 0.01-10 wt% gelling agent;

wherein said wt% is from the total weight of said composition.

[0029] In one embodiment, the composition further comprises a stabilizing agent at a wt%
ranging between 0.1-20 wt%, wherein the wt% is from the total weight of the composition.

[0030] In one embodiment, the zinc electrode of this invention comprises a current collector
and a composition wherein the composition comprises zinc or zinc alloy powder. In another
embodiment, the concentration of the zinc or zinc alloy powder is between 1.0 to 99.0 wt% of
the total composition weight (i.e from the total electrode weight excluding the current collector).
In another embodiment, the concentration of the zinc or zinc alloy powder is between 70 to 80
wt% of the total composition weight. In another embodiment, the concentration of the zinc or
zinc alloy powder is between 50 to 90 wit% of the total composition weight. In another
embodiment, the concentration of the zinc or zinc alloy powder is between 80 to 99 wt% from
the total composition weight. In another embodiment, the concentration of the zinc or zinc alloy
powder is between 10 to 60 wt% of the total composition weight. In another embodiment, the
concentration of the zinc or zinc alloy powder is between 65 to 85 wt% of the total composition
weight. In another embodiment, the concentration of the zinc or zinc alloy powder is between
90 to 99 wt% of the total composition weight. In another embodiment, the concentration of the
zinc or zinc alloy powder is between 1.0 to 20 or between 1.0 to 10 wt% of the total
composition weight.

[0031] In one embodiment, the zinc electrode of this invention comprises a current collector
and a composition wherein the composition comprises zinc oxide or zinc oxide alloyed powder.
In another embodiment, the concentration of the zinc oxide or zinc oxide alloyed powder is
between 99.0-1.0 wt% of the total composition weight. In another embodiment, the
concentration of the zinc oxide or zinc oxide alloyed powder is between 1 wt% and 10 wt% or
between 10-20 wt% of the total composition weight. In another embodiment, the concentration
of the zinc oxide or zinc oxide alloyed powder is between 5-35 wt% of the total composition
weight. In another embodiment, the concentration of the zinc oxide or zinc oxide alloyed
powder is between 50-80 wt% the total composition weight. In another embodiment, the
concentration of the zinc oxide or zinc oxide alloyed powder is between 75-99 wt% of the total
composition weight. In another embodiment, the concentration of the zinc oxide or zinc oxide
alloyed powder is between 25-50 wt% of the total composition weight.

In one embodiment, the zinc electrode of this invention comprises a current collector and a
composition wherein the composition comprises zinc or zinc alloy powder and zinc oxide or
zinc oxide alloyed powder. In another embodiment, the concentration of the zinc or zinc alloy
powder is between 50-90 wt% of total composition weight and the concentration of the zinc
oxide or zinc oxide alloy powder is between 10-50 wt% of total composition weight. In another
embodiment, the concentration of the zinc or zinc alloy powder is between 80-90 wt% of total
composition weight and the concentration of the zinc oxide or zinc oxide alloy powder is
between 10-20 wt% of total composition weight. In another embodiment, the concentration of
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the zinc or zinc alloy powder is between 60-99 wt% of the total composition weight and the
concentration of the zinc oxide or zinc oxide alloy powder is between 1-40 wt% of total
composition weight. In another embodiment, the concentration of the zinc or zinc alloy powder
is between 1-50 wt% of the total composition weight and the concentration of the zinc oxide or
zinc oxide alloy powder is between 50-99 wt% of total composition weight.

[0032] In one embodiment, the zinc electrode of this invention comprises a current collector
and a composition, wherein the composition comprises zinc or zinc alloy powder, zinc oxide or
zinc oxide alloy powder, a binder and optionally a gelling agent. In one embodiment, the
composition further comprises a stabilizing agent. In one embodiment, the composition
comprises between 70-80 wt% of zinc or zinc alloy powder out of the total composition weight,
between 15-20 wt % of zinc oxide or zinc oxide alloy of the total composition weight, between
3-6 wt% of binder of the total composition weight and between 1-4 wt% of gelling agent of the
total composition weight. In one embodiment, the composition further comprises between 0.1-
20% of stabilizing agent (wt% of the total composition weight).

[0033] In one embodiment, the composition further comprises between 1-10 wt% of a
stabilizing agent or of a precursor of a stabilizing agent. In one embodiment, the composition
further comprises between 0.1-10 wt% of stabilizing agent or of a precursor of a stabilizing
agent. In one embodiment, the composition further comprises between 10-20 wt% of a
stabilizing agent or of a precursor of a stabilizing agent. In one embodiment, the wt% is from
the total composition weight.

[0034] In one embodiment, the composition does not comprise zinc oxide. In one
embodiment, the composition comprises zinc oxide. In one embodiment, including zinc oxide in
the composition provides a better electrode structure. In one embodiment, including zinc oxide
in the composition for electrode preparation enhances electrode performance.

[0035] In one embodiment, the zinc powder comprises a zinc alloy. In one embodiment, the
zinc alloy comprises indium, bismuth or a combination thereof. In one embodiment, the zinc
alloy comprises 200-300 ppm indium and 200-300 ppm bismuth. In one embodiment the zinc
oxide powder comprises 200-300 ppm indium and 200-300 ppm bismuth. In one embodiment,
the term "zinc oxide alloyed powder" refers to the oxide of a zinc alloy. In one embodiment, the
term "zinc oxide alloyed powder" refers to the oxide of a zinc alloy wherein the zinc alloy
comprises small amounts of Bi and In.

[0036] In one embodiment, the zinc electrode of this invention comprises a polymer powdered
material. In another embodiment, the polymer powdered material is an organic binder material.
In another embodiment, the polymer powdered material is a polymer binder. In another
embodiment, the binder is a fluoropolymer such as polytetrafluoroethylene (PTFE),
perfluoroalkoxy (PFA), fluorinatedethylenepropylene (FEP) and other polymers which melt at
around 260-330° C. In one embodiment, the binder is loaded at 0.1-10% of the total zinc
amount (wt%) (if no zinc oxide is initially present). In one embodiment, the binder is loaded at
1-10% of the total zinc amount (wt%) (if no zinc oxide is initially present). In one embodiment,
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the binder is loaded at 0.1-10 wt% of the total zinc plus zinc oxide amount (if zinc oxide is
initially present). In one embodiment, the binder is loaded at 1-10 wt% of the total zinc plus zinc
oxide amount (if zinc oxide is initially present). In one embodiment, the binder is loaded at 1-
10% of the total electrode preparation composition (wt%). In one embodiment, the binder is
loaded at 0.1-10% of the total electrode preparation composition (wt%). The percentage of the
binder is chosen such that it will not adversely impact electrode conductivity and wetting ability.

[0037] In one embodiment, the zinc electrode of this invention comprises a gelling agent. In
one embodiment, the gelling agent (or gel precursor) comprises between 0.01-10 wt% of the
total weight of the zinc/zinc oxide. In one embodiment, the gelling agent comprises between 1-
2 wt% of the total weight of the zinc/zinc oxide. In one embodiment, the gelling agent
comprises between 0.01-10 wt% of the total weight of the electrode composition. In one
embodiment, the gelling agent comprises between 1-2 wt% of the total weight of the electrode
composition. In one embodiment, the gelling agent forms in-situ an immobilizing gel with the
alkaline electrolyte (typically aqueous KOH) used in the battery and this gelling agent precursor
must be thermally stable at the anode sintering temperature (typically around 320 °C for PFA
binders). In one embodiment, suitable gelling agents are inorganic, for example minerals such
as sepiolite, attapulgite, perlite, or vermiculite. In one embodiment, suitable gelling agents are
organic. Conventional organic gelling agents for KOH include for example carbopol,
carboxymethylcellulose and polyvinyl alcohol which lack adequate thermal stability for some
compositions. However, when lower sintering temperatures are used (depending on the
organic binder melting point), organic gelling agents as described above can be used. For
example, if the sintering temperature is 120°C, polyvinyl alcohol can be used as the gelling
agent. In contrast to other zinc electrode preparation compositions, no liquid electrolyte liquid
electrolyte is present in the pre-sintered green anode of this invention.

[0038] In one embodiment, the gel precursor refers to a gelling agent. In one embodiment,
the gelling agent absorbs or dissolves the electrolyte when the electrode is soaked in the
electrolyte. In one embodiment, the gelling agent absorbs or dissolves the electrolyte when the
electrode is used in a battery.

[0039] In one embodiment, the electrode composition further comprises other components. In
one embodiment, the composition further comprises conductive ceramics, graphite particles or
graphite fibers and/or other electrically-conductive materials such as carbon nanotubes. In one
embodiment, conductive additives aid in forming an adequate structure. In one embodiment,
the conductive additives are conductive but do not participate in the electrochemical electrode
reaction. In one embodiment, the conductive additives are inert with respect to the
electrochemical reaction, but helps to carry out the reaction thanks to the conductivity and the
structural characteristics that the additives gives the electrode. Other additives and structural
components may be added to the electrode-forming composition in one embodiment.

[0040] In one embodiment, the electrode composition further comprises a stabilizing agent in
form of powdered solid material having fine porous structure. In one embodiment, the
stabilizing agent absorbs the electrolyte when electrode is soaked in the electrolyte or used in
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a battery. In one embodiment the stabilizing agent provides better stability of zinc active mass
by preventing its redistribution into the zinc electrode on charge/discharge cycling. An example
of such a stabilizing agent is alumina or its thermally decomposed precursor aluminum
hydroxide.

[0041] In one embodiment, the zinc electrode of this invention comprises a current collector.
In one embodiment, the current collector comprises silver coated Ni. In one embodiment, the
current collector comprises copper or brass. In one embodiment, the current collector
comprises zinc. In one embodiment, the current collector comprises Ni mesh coated by indium
or bismuth. In one embodiment, the current collector comprises Ni foam. In one embodiment,
the current collector comprises Ni foam coated by indium or bismuth.

[0042] In one embodiment, the zinc electrode of this invention is porous. In one embodiment,
the porosity of the electrode ranges between 40% and 60%. In one embodiment, the porosity
of the electrode ranges between 20% and 80%. In one embodiment, the porosity of the
electrode ranges between 50% and 90%. In one embodiment, the porosity of the electrode
ranges between 30% and 70%. In one embodiment, the porosity of the electrode is about 50%.
In one embodiment, the porosity of the electrode is at least 35%. In one embodiment, the
porosity of the electrode is at least 20%. In one embodiment, the porosity of the electrode is at
least 50%. In one embodiment, the percent porosity of the electrode is measured by
comparing the weight of the dry electrode to the weight of the same electrode when filled with
a liquid. In one embodiment, the liquid that is used to fill the electrode for porosity
measurement is an alcohol. In one embodiment, the alcohol is isopropanol.

[0043] In one embodiment, the electrode functions as an anode in a discharge mode. In one
embodiment, the electrode is used as a zinc anode in a metal air battery. In one embodiment,
the zinc electrode dimensions including the current collector are about 5 cm x 5 cm for length
and width respectively. In one embodiment, the thickness of the electrode is about 2 mm. In
one embodiment, the thickness of the electrode is about 3 mm. In one embodiment, the
thickness of the electrode ranges between 0.5 mm and 5 mm.

In one embodiment, the zinc electrode is flat. In one embodiment, the zinc electrode is in the
form of a plate. In one embodiment, the zinc electrode is rounded. In one embodiment, the
zinc electrode can be molded to any desired shape or geometry.

[0044] In one embodiment, this invention provides a composition for the preparation of a
rechargeable zinc electrode, said composition comprising:

1. a) a zinc powder or zinc alloy powder;

2. b) optionally a zinc oxide or a zinc oxide alloyed powder;
3. ¢) a thermoplastic organic binder material;

4. d) optionally a pore former material; and

5. e) optionally a gelling agent;
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[0045] In one embodiment, the composition further comprises a stabilizing agent.

[0046] In one embodiment this invention provides a composition for the preparation of a
rechargeable zinc electrode, said composition comprising:

1. a) between 1.0-99.0 wt% zinc powder or zinc alloy powder;

2. b) optionally between 99.0-1.0 wt% zinc oxide powder;

3. ¢) between 0.1-10 wt% thermoplastic organic binder material,
4. d) between 0.01-20 wt% pore former material; and

5. e) between 0.01-10 wt% gelling agent;

wherein said wt% is from the total weight of said composition.

[0047] In one embodiment, the composition further comprises a stabilizing agent at a wt%
ranging between 0.1-20 wt%, wherein the wt% is from the total weight of the composition.

[0048] In one embodiment, the thermoplastic organic binder material in the electrode
preparation composition and in the resulting electrode comprises a polymer. In one
embodiment, the organic binder material comprises a fluoropolymer. In one embodiment, the
fluoropolymer comprises polytetrafluoroethylene (PTFE), fluorinated ethylenepropylene (FEP),
perfluoroalkoxy (PFA), or a combination thereof.

[0049] In one embodiment, the pore former comprises a heat fugitive. In one embodiment, the
heat fugitive comprises ammonium bicarbonate or camphor. In one embodiment, the pore
former comprises a water soluble pore former material. In one embodiment, the water soluble
pore former comprises an organic compound (e.g. urea) or an inorganic compound e.g. a
common salt (NaCl) or sodium sulfate. In one embodiment, the pore former is removed during
or following sintering. In one embodiment, the pore former confers an adequate porosity to the
electrode. In one embodiment, the pore former yields an electrode with porosity of at least 50%
or in another embodiment a porosity of at least 20% or in another embodiment a porosity of at
least 35%.

In one embodiment, this invention provides a rechargeable battery according to claim 6.

[0050] In one embodiment, the composition further comprises a stabilizing agent.
[0051] In one embodiment, the porosity of said anode in said battery is at least 50%. In one
embodiment, the porosity of said anode in said battery is at least 35%. In one embodiment, the

porosity of said anode in said battery is at least 20%.

[0052] In one embodiment, this invention provides a rechargeable battery according to claim
9.

[0053] In one embodiment, the composition further comprises a stabilizing agent at a wt%
ranging between 0.1-20 wt%, wherein the wt% is from the total weight of the composition.
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[0054] In one embodiment, the battery is a metal air battery. In one embodiment, the cathode
of said battery comprises carbonless air cathode catalyzed by silver nanoporous catalyst as
described in US 8,142,938.

[0055] In one embodiment, the battery utilizes an electrolyte. In one embodiment, the
electrolyte is KOH. In one embodiment, the electrolyte comprises 25-50% aqueous KOH. In
one embodiment, the KOH is 30 wt% aqueous KOH. In one embodiment, the KOH is 30 wt% in
water solution.

[0056] In one embodiment the solvent of the KOH solution is water. In one embodiment, the
zinc anode is prepared as described above without any KOH initially present in the electrode
composition. Once the zinc anode is prepared (e.g. after the sintering process), the electrode
is soaked in KOH aqueous solution in one embodiment, and the KOH aqueous solution
penetrates the zinc anode. The electrode becomes (at least partially) soaked in KOH and is
ready for further processing.

[0057] In one embodiment, this invention provides a method for producing a zinc electrode,
according to claim 1, the method comprising:

1. a) preparing a homogeneous mixture comprising of zinc or zinc alloy powder, zinc oxide
or zinc oxide alloyed powder, a polymer powdered material, optionally a pore former
material, and optionally a gelling agent;

2. b) pasting, pressing or rolling the homogeneous mixture on top and/or around a current
collector thus forming a dry green compact;

3. ¢) sintering the formed dry green compact at a temperature above the melting point of
said polymer powdered material;

4. d) optionally removing said pore former or portions thereof by dissolving in a liquid.

[0058] In one embodiment, the homogeneous mixture further comprises a precursor of a
stabilizing agent and the sintering step is conducted at a temperature above the
precursor/stabilizing agent phase-transition temperature.

[0059] In one embodiment, the method described herein above is used for producing a
rechargeable zinc electrode, the electrode comprising a current collector and a composition
comprising:

1. a) a zinc or zinc alloy powder;

2. b) optionally zinc oxide or zinc oxide alloyed powder;
3. ¢) a thermoplastic organic binder material; and

4. d) optionally a gelling agent;

5. e) optionally a stabilizing agent or a precursor thereof;

wherein said electrode is porous.
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[0060] In one embodiment, a rechargeable zinc electrode, comprising a current collector and
a composition comprising:

1. a. a zinc or zinc alloy powder;

2. b. optionally zinc oxide or zinc oxide alloyed powder;
3. ¢. a thermoplastic organic binder material; and

4. d. optionally a gelling agent;

5. e. optionally a stabilizing agent or a precursor thereof;

wherein said electrode is porous,
is produced by methods of this invention.

[0061] In one embodiment, a rechargeable zinc electrode comprising a current collector and a
composition comprising:

1. a. a zinc or zinc alloy powder;

2. b. optionally zinc oxide or zinc oxide alloyed powder;
3. ¢. a thermoplastic organic binder material; and

4. d. optionally a gelling agent;

5. e. optionally a stabilizing agent or a precursor thereof;

is produced using methods of the invention that comprise a sintering step as described herein
above.

[0062] In one embodiment, a method of preparation of the anodes of this invention comprises
three main steps:

1. A first, the active zinc (and/or zinc oxide) powdered material is mixed with a polymer
powdered material, optionally a pore former material, optionally a precursor of a
stabilizing agent and optionally a gelling agent;

2. B. the mixture of step A, is shaped (molded, formed) by pasting, rolling or pressing;

3. C. the shaped mixture of step B undergoes a heat treatment operation (sintering) at a
temperature above the so called melting point of the polymer material and optionally
above the phase transition temperature of the precursor of a stabilizing agent.

[0063] In one embodiment, the pre-sintered (green) anode (Step B) is prepared containing a
heat fugitive pore former material or water-soluble pore former material that is removable
during or following sintering. The pore former material confers an adequate porosity to the
electrode (at least 50% porosity is desirable). Preferred heat fugitive pore formers are for
example ammonium bicarbonate or camphor. Preferred water soluble pore formers are for
example common salt (NaCl), urea (carbamide) or sodium sulfate.

[0064] The sintering step of this invention results in the formation of fibrous cage-like polymer
structure which provides interparticle binding and also binding onto a current collecting metal
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mesh, thereby reinforcing mechanically the zinc active mass during charge/discharge
operation. In one embodiment, the sintering step further results in AI(OH); — gamma Al,O3
phase transition which provides additional micro porosity to the anode as a result of the
Al(OH)3 dehydrating process.

[0065] In one embodiment, the current collector comprises a silver-coated nickel screen. In
one embodiment, the sintering temperature ranges between 250 °C and 350 °C.

[0066] In one embodiment, this invention provides a method of operating a vehicle, said
method comprising:

e providing a rechargeable battery comprising at least one anode and at least one
cathode, wherein said anode comprising:
1. a) a zinc or zinc alloy powder;
2. b) optionally a zinc oxide or zinc oxide alloyed powder;
3. ¢) a thermoplastic organic binder material; and
4. d) optionally a gelling agent;
wherein said electrode is porous; and
» using said battery to operate a vehicle.

[0067] In one embodiment, the anode further comprises a stabilizing agent.

[0068] In one embodiment, the vehicle operated by said battery is an electric car. In one
embodiment, the battery provides the power needed to run said car.

[0069] In one embodiment, the battery delivers 5Ah (75% depth of discharge) at about 1.1V
average discharge voltage for 20 cycles. In one embodiment, the vehicle operated by the
battery is an electric car. In one embodiment, the vehicle is a bike, a motorcycle, an unmanned
air vehicle, or a marine vehicle. Applications of batteries of this invention include electric
vehicles, portable electronics, energy storage and drones.

In one embodiment, the battery provides the power needed to run an electric car.

Definitions:

[0070] In one embodiment, the term 'green’ is a metallurgical term. In one embodiment, the
term 'green' anode refers to the anode after compacting but before sintering. In one
embodiment, the term "dry green compact" refers to the product of the pasting, pressing or
rolling step of the homogeneous mixture. In one embodiment, the "dry green compact” is the
result of pasting, pressing or rolling the homogeneous mixture comprising of: zinc or zinc alloy
powder, optionally zinc oxide or zinc oxide alloyed powder, a polymer powdered material,
optionally a pore former material, and optionally a gelling agent and optionally a stabilizing
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agent or a precursor thereof. Unlike the homogeneous mixture which is in a powder form in
some embodiments, the dry green compact is a rigid body having a certain dimension.

[0071] In one embodiment, the term "polymer powdered material" refers to the thermoplastic
organic binder.

[0072] The term 'zinc active mass' refers to the components of the electrode. In one
embodiment, the term 'zinc active mass' refers to the Zn, optionally the zinc oxide, the organic
binder, optionally the stabilizing agent and the gelling agent. In one embodiment, the term 'zinc
active mass' refers to a composition comprising zinc.

[0073] In one embodiment, a precursor of a stabilizing agent is a material that forms the
stabilizing agent during/after processing (e.g. aluminum hydroxide is the precursor and
aluminum oxide is the stabilizing agent). In other embodiments, the precursor itself is termed
or considered "a stabilizing agent" even though it may undergo a chemical reaction during
processing.

[0074] In one embodiment, the term 'battery grade' refers to the trade name of zinc and of
zinc oxide powder produced by the Grillo Company in Germany. In one embodiment, Grillo zinc
and zinc oxide battery grade powder contains indium (200-300ppm) and bismuth (200-
300ppm).

[0075] In one embodiment, the term 'depth of discharge' (DOD) refers to the percentage of
the used capacity from the nominal one. Full charged battery has 0% DOD. Full discharged
battery has 100% DOD. The discharge process is usually limited by voltage to avoid full
discharge. The less DOD percentage, the more the cycle life. For Zn anode in the secondary
silver-zinc batteries the cycle life time at 50% DOD is 3-4 times longer than the cycle lifetime at
100% DOD.

[0076] 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.

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 %.

EXAMPLES
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EXAMPLE 1

Electrode preparation, battery assembly and use of a battery

[0077] A zinc anode was prepared according to an embodiment of the present invention as
follows: onto a tabbed silver-coated nickel screen (80 mesh) of size 5 cm x 5 cm, the following

composition was pressed under 200 kg/cm2 pressure:

[0078] Battery-grade zinc powder from Grillo having average particle size of about 40 micron
(9.59), powdered perfluoroalkoxy PFA having average particle size about 20 micron from
DuPont (0.5g), ammonium bicarbonate pore former from Sigma Aldrich (0.45g) were provided
and mixed. The mixture was well-mixed and the quality of the mixing was verified under an
optical microscope at a magnification of up to x500. The well-mixed composition was pressed
onto a silver-coated nickel screen in such a manner that the current collector was located in
the middle of the compact. The pressed electrode was put between two brass plates with
thickness of about 3 mm each and put in a furnace for sintering. The electrode was sintered in
air at 320 °C for 20 minutes in order to convert the PFA binder into a fibrous bonding form, and
to convert aluminum hydroxide into gamma aluminum oxide and to remove the pore former.
SEM image (Figure 1) shows the structure of the anode after sintering.

[0079] The flat electrode after sintering was robust, with a thickness of about 1.8 mm, and
porosity of 50%. Porosity was measured by measurement of the weight of the dry anode and
compared with weight of a wet anode impregnated by a liquid (e.g. by isopropanol). The
electrode was soaked in 30% KOH for 2 hours. The anode was placed into a cell between two
bifunctional (secondary) air cathodes manufactured according to US patent 8,142,938 B2. Into
each gap between cathode and anode, two layers of Freudenberg separator grad2225 were
placed and between those separators two layers of a cellulose separator were placed. KOH
electrolyte (30%) was added to cover the electrodes. The cell was cycled at 0.5 A charge and
1.2 A discharge (charge to 2.4V, discharge to 0.75V) with makeup water added periodically.
The cell delivered 5Ah (64% depth of discharge) at 1.1V average discharge voltage for 35
cycles. At that point the capacity had fallen to 4.5Ah.

[0080] Following cycling the anode was examined using an optical microscope. The robust
structure with immobilized zinc active material had been largely maintained with little evidence
of shape change or dendrites.

Example 2

Anode for comparative test
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[0081] The anode for comparative test was manufactured from the active mass according to
Example 1 just excluding AI(OH)3. The pressing procedure was the same. Instead of the

sintering operation, a 20 minutes heating step at 100°C for decomposition of ammonium
bicarbonate was carried out. Mechanically the electrode was less strong than the electrode
described in Example 1, but it was robust enough to be placed into the cell. The cell was cycled
under the same conditions as in Example 1 and delivered 4.5Ah at 1.0 V average discharge
voltage for 20 cycles. At this point capacity had fallen to 2.5Ah.

Optical microscope examination of the anode after cycling showed its comprehensive structural
destruction and settling of zinc by gravitation force.
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Patentkrav

1. Genopladelig zinkelektrode, hvilken elektrode omfatter en stramsamler og en

sammensatning omfattende:
a) et zink- eller zinklegeringspulver;
b) eventuelt zinkoxid- eller zinkoxid-legeret pulver;
c) et termoplastisk, organisk bindemiddelsmateriale; og
d) eventuelt et geleringsmiddel;

hvor naevnte elektrode omfatter en fiberagtig, burlignende polymerstruktur, som
mekanisk forstaerker naevnte sammensaetning under ladning/afladning, og
hvor naevnte elektrode er porgs, og porgsiteten af naevnte elektrode er mindst 20

volumenprocent.

2. Elektroden ifglge krav 1, hvor navnte sammensatning yderligere omfatter et
stabiliseringsmiddel.

3. Elektroden ifglge krav 1, hvor porgsiteten af naevnte elektrode er mindst 35

volumenprocent.

4. Den genopladelige zinkelektrode ifglge krav 1, hvor naevnte sammensastning
omfatter:

a) mellem 1,0-99,0 vaegtprocent zink- eller zinklegeringspulver;

b) eventuelt mellem 99,0-1,0 vaagtprocent zinkoxid- eller zinkoxid-legeret

pulver;

¢) mellem 0,1-10 vaegtprocent termoplastisk, organisk
bindemiddelsmateriale; og

d) mellem 0,01-10 veegtprocent geleringsmiddel;

hvor naevnte vaegtprocent er fra den totale vaegt af naeevnte sammensatning.
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5. Elektroden ifglge krav 4, hvor naevnte sammensaetning yderligere omfatter
mellem 0,1-20 vaegtprocent stabiliseringsmiddel, hvor navnte vaegtprocent er fra

den totale vaegt af naevnte sammensaetning.

6. Genopladeligt batteri omfattende mindst en anode omfattende elektroden ifglge
krav 1 og mindst en katode, hvor naevnte anode omfattende en strsmsamler og

en sammensatning omfattende:
a) et zinkpulver;
b) eventuelt et zinkoxid- eller zinkoxid-legeret pulver;
¢) termoplastisk, organisk bindemiddelsmateriale; og

d) eventuelt et geleringsmiddel.

7. Batteriet ifglge krav 6, hvor naevnte sammensaetning yderligere omfatter et

stabiliseringsmiddel.

8. Batteriet ifglge krav 6, hvor porgsiteten af naevnte anode er mindst 35

volumenprocent.

9. Det genopladelige batteri ifglge krav 6, hvor naevnte sammensaetning omfatter:
a) mellem 1,0-99,0 vaegtprocent zink- eller zinklegeringspulver;

b) eventuelt mellem 99,0-1,0 vaagtprocent zinkoxid- eller zinkoxid-legeret

pulver;

¢) mellem 0,1-10 vaegtprocent termoplastisk, organisk

bindemiddelsmateriale; og
d) mellem 0,01-10 veegtprocent geleringsmiddel;

hvor naevnte vaegtprocent er fra den totale vaegt af naeevnte sammensatning.

10. Batteriet ifglge krav 9, hvor naevnte sammensatning yderligere omfatter
mellem 0,1-20 vaegtprocent stabiliseringsmiddel, hvor navnte vaegtprocent er fra

den totale vaegt af naevnte sammensaetning.
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11. Fremgangsmade til fremstilling af zinkelektroden ifglge krav 1, hvilken
fremgangsmade omfatter:

a) fremstilling af en homogen blanding bestdende af zink- eller
zinklegeringspulver, eventuelt zinkoxid- eller zinkoxid-legeret pulver, et
pulverformigt polymermateriale, eventuelt et poredannende materiale, og
eventuelt et geleringsmiddel;

b) klistring, presning eller rulning af den homogene blanding ovenpé
og/eller omkring en strgmsamler for derved at danne en tgr, grgn kompakt
(dry green compact);

¢) sintring af den dannede tgrre, grgnne kompakt ved en temperatur over
smeltepunktet af navnte pulverformige polymermateriale; og

d) eventuelt fjernelse af naevnte poredannende middel eller dele deraf ved
at oplgse naevnte sintrerede tgrre, grgnne kompakt i en vaeske.

12. Fremgangsmaden ifglge krav 11, hvor navnte homogene blanding yderligere
omfatter et udgangsstof af et stabiliseringsmiddel og hvor naevnte sintreringstrin
udfgres ved en temperatur over faseovergangstemperaturen af
udgangsstoffet/stabiliseringsmidlet.

13. Fremgangsmaden ifglge krav 11, hvor naevnte sintreringstemperatur er i
omradet mellem 250°C og 350°C.

14. Fremgangsmade til at drive et kgretgj, hvor naevnte fremgangsmade
omfatter:

e at tilvejebringe et genopladelig batteri omfattende mindst en anode
omfattende elektroden ifglge krav 1 og mindst en katode, hvor naevnte
anode omfatter:

a) et zink- eller zinklegeringspulver (1,0-99,0 vaegtprocent);

b) eventuelt et zinkoxid- eller zinkoxid-legeret pulver (99,0-1,0
vaagtprocent);
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c) et termoplastisk, organisk bindemiddelsmateriale (0,1-10

vaagtprocent); og
d) eventuelt et geleringsmiddel (0,01-10 vaegtprocent);

e at anvende naevnte batteri til at drive et kgretdj.
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DRAWINGS

Figure 1
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