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(57) ABSTRACT

A nickel zinc alkaline cell has a zinc oxide negative elec-
trode supported on a conductive substrate, an alkaline
clectrolyte, and a positive electrode having nickel hydroxide
paste supported on a conductive substrate. The negative zinc
oxide electrode comprises 85% to 95% zinc oxide powder,
1% to 10% bismuth oxide, 1% to 2% of a binder, and 0.05%
to 5% by weight of a fluoride salt chosen from the group
consisting of: sodium, potassium, rubidium, caesium,
lithium, and mixtures thereof. Typically, the fluoride salt 1s
potassium fluoride, in the amount of 0.5% by weight of the
zinc oxide.

23 Claims, No Drawings
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ALKALINE CELLS HAVING LOW TOXICITY
RECHARGEABLE ZINC ELECTRODES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application claims benefit of provisional application
Ser. No. 60/276,372 filed Mar. 15, 2001.

FIELD OF THE INVENTION

This mvention relates to alkaline cells, and particularly to
alkaline galvanic cells having zinc electrodes and alkaline
clectrolyte, together with a nickel positive electrode. The
invention provides low toxicity rechargeable zinc electrodes
for such cells.

DESCRIPTION OF THE PRIOR ART

The performance of rechargeable zinc electrodes 1n alka-
line electrolytes 1s the subject, for example, for JONES U.S.
Pat. No. 4,358,517, 1ssued Nov. 9, 1982. This patent teaches
a nickel-zinc cell where the zinc electrode has a copper grnid
and an active material that comprises zinc-rich particles,
calcium-rich particles, and an entanglement of cellulose
fibres. Lead compounds may also be added to improve turn
around elfficiency and to reduce water loss.

The use of butlered electrolytes 1s also contemplated, for
improvement of rechargeable zinc cells. ADLER et al U.S.
Pat. No. 5,453,336, 1ssued Sep. 26, 1995, teaches the use of
an electrolyte that contains one or more hydroxides of an
alkali metal, one or more fluorides of an alkal1 metal, and
one or more carbonates of an alkali metal.

Another patent which teaches a ternary electrolyte for sec-
ondary electrochemical cells 1s CARLSON U.S. Pat. No.

4,273,841, 1ssued Jun. 16, 1981, which teaches an aqueous
alkaline solution having potassium hydroxide, potassium
fluoride, and potassium phosphate.

EISENBERG U.S. Pat. No. 4,224,391 1ssued Sep. 23,
1980, and U.S. Pat. No. 5,215,836 1ssued Jun. 1, 1993, each

describe electrolyte formulations that employ mixtures of
potassium hydroxide and boric, phosphoric, or arsenic acids.

However, it should be noted that the latter patent describes
advantages of alkal1 fluorides 1n the range of 0.01 moles to 1
mole; and thus, more alkaline solutions may be employed
than are taught 1n the prior Eisenberg patent.

Other patents are specifically directed to the use of addi-
tives to the negative zinc electrodes of alkaline zinc batteries
and cells. They include the following:

CHARKEY U.S. Pat. No. 5,556,720, 1ssued Sep. 17 1996,
teaches the use of a zinc negative electrode that has zinc
active material, bartum hydroxide, and strontium hydroxide,
in a conductive matrix which includes a metallic oxide that
1s more electropositive than zinc. However, the zinc negative
clectrode 1s split into electrode assemblies which are sepa-
rated by a hydrophobic element.

HIMY et al U.S. Pat. No. 4,084,047 teaches a zinc elec-
trode that has a minor amount of one or more of a number of
oxides including tantalum oxide, lead oxide, cadmium
oxide, tin oxide, galllum oxide, and indium hydroxide. All of
these are intended to reduce shape change, and to inhibit
hydrogen gassing.

Another patent which teaches the use of zinc fluoride and
zinc titanate 1s BADYANATHAN U.S. Pat. No. 4,304,828,

1ssued Dec. 8, 1981.
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Also, SANDERA et al U.S. Pat. No. 4,017,665, 1ssued
Apr. 12, 19777, teach that the direct additions of alkali fluo-
ride to a zinc electrode has been found to be beneficial. This
prevents the reversible movement of zinc into and out of
solution 1n the electrolyte, thereby precluding undesired
shifting of the active material on the collector electrode and
thereby precluding shape change.

BACKGROUND OF THE INVENTION

As noted, pasted mickel hydroxide electrodes can have
their performance improved by the addition of conductive
diluents to improve active material utilization, and such as to
establish a conductive insoluble CoOOH network 1n situ
within a pasted nickel hydroxide electrode.

However, the problem of low positive electrode efficiency
1s exacerbated, sometimes significantly, when their use 1n
nickel zinc batteries 1s considered, because of the electrolyte
requirements of the zinc electrode.

Of course, 1t 1s well known that performance nhibiting
disfigurement or rearrangement of zinc electrodes can occur
during the cycling process of rechargeable zinc electrodes 1n
alkaline electrolytes. Such disfigurement can be minimized
in more dilute alkali hydroxide solutions.

The Jones Patent, noted above, appears to be somewhat
clfective 1n extending cycle life of the cell by the addition of
calcium hydroxide to the zinc electrode.

It has also been noted that builered electrolytes with or
without fluoride additions may also result 1 increased zinc
clectrode lifespan. They are particularly described in the
Adler et al patent, noted above, where a mixture of alkaline
clectrolyte having a strength of 2M to 12M 1s combined with

a carbonate of 0.5M to 4M, and a fluoride of 0.5M to 4 M.

The Carlson Patent, noted above, describes a mixture that
employs 5% to 10% of hydroxide, 10% to 20% of

phosphate, and 5% to 15% of fluoride.
SUMMARY OF THE INVENTION

Of course, a purpose of the present invention 1s to provide
a formulation for a negative electrode that avoids 1ssues of
toxicity—thereby avoiding use of such elements as mercury.
At the same time, because of the fact that nickel 1s one of the
most expensive components of a nickel zinc cell, 1t 1s
intended to provide the highest utilization of the nickel elec-
trode as may be possible.

To that end, the present invention provides a nickel zinc
alkaline cell having a zinc oxide electrode supported on a
conductive substrate, an alkaline electrolyte, and a positive

clectrode having nickel hydroxide paste supported on a con-
ductive substrate.

The negative zinc oxide electrode comprises 85% to 95%
zinc oxide powder, 1% to 10% bismuth oxide, 1% to 2% of a
binder, and 0.05% to 5% by weight of a fluonide salt.

The fluoride salt 1s a salt of a metal which 1s chosen from
the group consisting of: sodium, potassium, rubidium,
caesium, lithium, and mixtures thereof.

Typically, the tluonide salt 1s potassium tluoride, which
may be present in the amount o1 0.05% to 4.5% by weight of
the zinc oxide. 0.5% has been found to be quite successiul.

Also, typically, the bismuth oxide 1s present in the amount
ol 3% to 9% by weight of the zinc oxide.

Also, 1t has been found particularly to be effective when
the alkaline electrolyte comprises a mixture of sodium
hydroxide, potassium hydroxide, lithium hydroxide, and an
acid chosen from the group consisting of: boric acid, phos-
phoric acid, and mixtures thereof.
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When boric acid 1s present, 1t has a concentration of 0.6 to
1.3 moles per liter.

The stoichiometric excess of alkali hydroxide 1s between
2.5 moles and 5.0 moles.

Also, lithium hydroxide 1s present 1n the amount of about
0.05 to 3.0 moles.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The novel features which are believed to be characteristic
of the present invention, as to 1ts structure, organization, use
and method of operation, together with further objectives
and advantages thereol, will be better understood from the
following discussion.

The benefits of the additional fluoride to the alkaline elec-
trolyte of electrochemical cells that have a zinc negative
clectrode have been noted above. For example, the Eisen-
berg U.S. Pat. No. 5,215,836 describes a more alkaline range
of effectiveness than the earlier U.S. Pat. No. 4,224,391, as a
result of the addition of fluoride to the electrolyte. The
greater alkalinity of the electrolyte promotes the perfor-
mance of certain positive electrodes, and 1n particular it pro-
motes the performance and the efficiency of a nickel elec-
trode 1n nickel zinc cells.

Unfortunately, however, the addition of potasstum fluo-
ride to the electrolyte displaces lithium 1ons from the solu-
tion through the precipitation of lithitum fluoride. That pre-
cipitation of lithtum fluoride depletes the solution of lithium
that 1s normally ncorporated 1nto the nickel electrode, and
which provides beneficial effect to the nickel electrode espe-
cially during 1inmitial cycles of the cell. The eflfect, therefore, 1s
a loss 1 nickel electrode efficiency, and a concomaitant loss
in cycling capability.

However, the inventor herein has unexpectedly discovered
that the beneficial high solution alkalimity can be employed
with the defined formulations of electrolyte and electrodes,
and 1n particular the present inventor has unexpectedly dis-
covered a surprising increase in nickel electrode elliciency
as a result of practising the present invention.

To that end, the present mnventor has provided a zinc elec-
trode 1n a nickel zinc cell that contains bismuth oxide, a
binder, and a small amount of alkali metal fluoride. This zinc
clectrode may be used in conjunction with a borate electro-
lyte which contains a mixture of alkali hydroxides; and
when used 1n a nickel zinc cell having a nickel oxide counter
clectrode, unexpected cell efliciency values are derived.

The prior noted patent to Sandera et al teaches a benefit
from adding alkaline metal fluorides to zinc electrodes, but
high concentrations in the range of 3% to 53% by weight
were required 1n order to observe any beneficial results.

Of course, Sandera et al had little consideration of the
clectrolyte interaction; neither did they consider the optimi-
zation of the positive electrode.

When the positive electrode 1s a nickel hydroxide
clectrode, the cost of that electrode must be kept 1n mind.
Also, 1t must be noted that a high fluoride concentration may
result in the premature passivation of the zinc electrode, par-
ticularly at hugh discharge rates, and this results 1n a sudden
disproportionate loss 1n cell capacity as the discharge rate 1s
increased.

Typical nickel zinc cells were constructed for purposes of
experimentation with respect to the present imvention, and
the cells were constructed 1n keeping with the present inven-
tion having the addition of fluoride to the zinc oxide elec-
trode.
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Thus, a typical cell comprises a pasted nickel hydroxide
positive electrode and a slurry coated zinc oxide negative
electrode, with at least 100% coulombic excess of zinc oxide
over the nickel hydroxide content.

Typically, the conducting substrate for the nickel hydrox-
ide positive electrode 1s a nickel foam; and typically, the
conductive substrate for the zinc oxide negative electrode 1s
copper expanded metal.

Conductive enhancement additives were included 1n the
positive electrode paste formulation, and comprised up to
2% to 3% by weight of each of nickel metal powder and
cobalt metal powder.

However, 1t will be noted that the zinc electrode contained
approximately 85% to 95% of zinc oxide powder, from 1%
to 10% by weight of bismuth oxide—preferably, from 3% to
9% —1% to 2% of a binder as 1s well known to those skilled
in the art, and from 0.05% up to 5% by weight of a fluonide
salt of a metal chosen from the group of metals consisting of
sodium, potassium, rubidium, caesium, lithium, and combi-
nations thereof. Typically, 0.5% potassium tluoride was
employed.

Four cell types were built, each having a capacity of
approximately 2 Ampere Hours.

The type 1 cell was constructed 1n the manner described
above, with the zinc oxide negative electrode having 0.5%
by weight of potassium fluoride.

The type 2 cell was constructed as described above, but
with no potassium tluoride additive to the negative electrode.

The type 3 cell was a standard cell, having no fluonide
additive in the negative electrode, but having 0.1 mole fluo-
ride buflering in the electrolyte.

The type 4 cell was constructed as the type 3 cell, except
that 1t had 0.02 mole fluoride buffering in the electrolyte.

The electrolyte had a stoichiometric excess of alkaline
hydroxide 1n the range of 2.5 moles to 5 moles. Also, the

alkaline mixture contained between 0.05 moles and 3 moles
of lithium hydroxide.

After assembly, all of the cells were filled with electrolyte
under vacuum, and they were then allowed to stand for 2
hours before being charged to 150% of their rated capacity
over a period of 48 hours.

Thereaftter, the cells were discharged at 1 Ampere over a
period of about 2 hours, and utilization of the positive elec-
trode was measured. The results are shown in Table 1,
below:

TABLE 1
% Utilization of
Nickel Electrode
Cell Type Zinc Electrode Electrolyte at 1 Amp.

1 0.5% Fl Fl Free o1

2 Standard Fl Free 76

3 Standard 0.1M Fl 77

4 Standard 0.02M Fl 75

It 1s seen that a standard cell, with no fluoride 1n the nega-
tive electrode and no fluoride 1n the electrolyte demonstrated
a 76% utilization of the nickel electrode. However, the cell
type 1, 1n keeping with the present mvention, having 0.5%
potassium fluoride additive to the zinc negative electrode,

demonstrated 91% utilization of the nickel electrode at 1
Ampere.

The other cells, having fluoride doping 1n the electrolyte,
showed no significant advantage over the standard cell.
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Further tests were conducted with up to 1.5% of potas-
sium fluoride 1n the negative electrode, and they also demon-
strated utilization i1n the same order as set forth in Table 1,
above. However, those cells demonstrated a low capacity at
higher discharge rates; for example, when they were fully
discharged 1n 1 hour or less.

There have been described alkaline cells having low tox-
icity rechargeable zinc electrodes, and 1t will be evident to
those skilled in the art that variations and other embodiments
of those cells can be constructed without departing from the
spirit and scope of the appended claims.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
“comprise”, and variations such as “comprises” or
“comprising”’, will be understood to imply the inclusion of a
stated 1integer or step or group of integers or steps but not to
the exclusion of any other integer or step or group of integers

or steps.

What 1s claimed 1s:

1. A nickel zinc alkaline cell having a zinc oxide negative
clectrode supported on a conductive substrate, an alkaline
clectrolyte, and a positive electrode having nmickel hydroxide
paste supported on a conductive substrate;

wherein said negative zinc oxide electrode comprises 85%
to 95% zinc oxide powder, 1% to 10% bismuth oxide,
1% to 2% of a binder, and 0.05% to 5% by weight of a

fluoride salt; and

wherein said fluoride salt 1s a salt of a metal chosen from
the group consisting of: sodium, potassium, rubidium,
caesium, lithium, and mixtures thereof.

2. The nickel zinc alkaline cell of claim 1, wherein said
fluoride salt 1s potassium fluoride.

3. The nickel zinc alkaline cell of claim 1, wherein said
fluoride salt 1s potassium fluoride 1n the amount of 0.05% to
4.5% by weight of said zinc oxide.

4. The nickel zinc alkaline cell of claim 1, wherein said
fluoride salt 1s potassium fluoride in the amount of 0.5% by
weight of said zinc oxide.

5. The nickel zinc alkaline cell of claim 3, wherein said
bismuth oxide i1s present in the amount of 3% to 9% by
weight of said zinc oxide.

6. The nickel zinc alkaline cell of claim 4, wherein said
bismuth oxide 1s present in the amount of 3% to 9% by
weilght of said zinc oxide.

7. The nickel zinc alkaline cell of claim 1, wherein said
positive electrode further comprises a conductivity enhance-
ment additive chosen from the group consisting of: 2% to
3% by weight of mickel metal powder, 2% to 3% by weight
of cobalt metal powder, and mixtures thereof.

8. The nickel zinc alkaline cell of claim 4, wherein said
positive electrode further comprises a conductivity enhance-
ment additive chosen from the group consisting of: 2% to
3% by weight of mickel metal powder, 2% to 3% by weight
of cobalt metal powder, and mixtures thereof.

9. The nickel zinc alkaline cell of claim 1, wherein said
alkaline electrolyte comprises a mixture of sodium
hydroxide, potassium hydroxide, lithtum hydroxide, and an
acid chose from the group consisting of: boric acid, phos-
phoric acid, and mixtures thereof:

wherein when boric acid 1s present, 1t has a concentration
ol 0.6 to 1.3 moles per liter;

wherein the stoichiometric excess of alkali hydroxide 1s
between 2.5 moles and 5.0 moles; and
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wherein the electrolyte contains 0.05 to 3.0 moles of
lithium hydroxide.
10. The nickel zinc alkaline cell of claim 4, wherein said
alkaline electrolyte comprises a mixture of sodium
> hydroxide, potassium hydroxide, lithium hydroxide, and an
acid chose from the group consisting of: boric acid, phos-
phoric acid, and mixtures thereof,

wherein when boric acid 1s present, it has a concentration

" of 0.6 to 1.3 moles per liter;
wherein the stoichiometric excess of alkali hydroxide 1s

between 2.5 moles and 5.0 moles; and

wherein the electrolyte contains 0.05 to 3.0 moles of

lithium hydroxide.

11. A nickel zinc alkaline cell having a zinc oxide negative
electrode supported on a conductive substrate, alkaline
electrolyte, and a positive electrode supported on a conduc-
tive substrate; wherein said negative electrode
as-constructed comprises zinc oxide, a binder, and 0.043%
to 3.8% by weight of a fluoride salt;, and wherein said fluo-
ride salt is a salt of a metal chosen from the group consisting
of: sodium, potassium, rubidium, caesium, lithium, and mix-
turves thereof.

12. The nickel zinc alkaline cell of claim 11, wherein said
~5 fluoride salt is potassium fluoride.

13. The nickel zinc alkaline cell of claim 11, wherein said
fluoride salt is potassium fluoride in the amount of 0.05% to
4.5% by weight of said zinc oxide.

14. The nickel zinc alkaline cell of claim 13, wherein said
zg Regative electrode further comprises bismuth oxide in the
amount of 1% to 10% by weight.

15. The nickel zinc alkaline cell of claim 11, wherein said
positive electrode further comprises a conductivity enhance-
ment additive selected from the group comsisting of 2% to
3% by weight of nickel metal powder, 2% to 3% by weight of
cobalt metal powder, and mixtures thereof.

16. The nickel zinc alkaline cell of claim 11, wherein the
alkaline electrolyte comprises hydroxide in stoichiometric
excess over an acid selected from the group consisting of
boric acid, phosphoric acid, and mixtures therveof.

17. The nickel zinc alkaline cell of claim 16, wherein the
alkaline electrolyte comprises hydroxide in stoichiometric
excess over phosphoric acid.

18. The nickel zinc alkaline cell of claim 11, wherein said
a5 fluoride is 0.05% to 1.5% by weight of the negative elec-

trode.

19. The nickel zinc alkaline cell of claim 11, wherein said
fluoride is about 0.5% by weight of the negative electrode.

20. A negative electrode supported on a conductive sub-
50 Strate comprising zinc oxide, bismuth oxide, a binder, and
0.043% to 3.8% by weight of a fluoride salt; and wherein
said fluoride salt is a salt of a metal chosen from the group
consisting of: sodium, potassium, rubidium, caesium,
lithium, and mixtures thereof.

21. The negative electrode of claim 20, wherein said fluo-
ride salt is potassium fluoride.

22. The negative electrode of claim 20, wherein said fluo-
ride salt is potassium fluovide in the amount of 0.05% to
4.5% by weight of said zinc oxide.

23. The negative electrode of claim 20, wherein said bis-
muth oxide is present in the amount of 1% to 10% by weight.
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