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ELECTROCHEMICAL CELL WITH AN ANODE CONTAINING SULFUR

BACKGROUND OF THE INVENTION

Conventional alkaline cells generally include a steel cylindrical can having a
cathode comprising manganese dioxide as the active material and formed on the
interior surface of the steel can, an anode comprising zinc powder as the active
material and located in the center of the cell, a separator located between the anode
and the cathode, and an alkaline electrolyte solution simultaneously contacting the
anode, cathode, and the separator. A conductive current collector is commonly
inserted into the anode active material and a seal vassembly provides closure to the
top end of the steel can.

A goal in designing alkaline batteries is to increase the discharge efficiency
of the zinc when the battery is discharged at a high drain Trate. In conventional
batteries, the discharge efficiency of the zinc is generally iow when the battery is
discharged at a high rate. For example, alkaline batteries currently on the market
utilize only approximately 20-30% of the zinc in the cell when the cell is discharged
at a high drain rate.

Electrochemical cell manufacturers and corféumers desire an electrochemical
cell with better performance, and therefore, there is an ongoing need for better
performing electrochemical cells that are low in cost. One way to achieve better
performance of an electrochemical cell is to increase the zinc utilization.

SUMMARY OF THE INVENTION

The present invention improves the discharge service performance,

especially at a high drain rate, of an electrochemical cell by the inclusion of

elemental sulfur in the anode of the cell.
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One aspect of the present invention is an electrochemical cell comprising an
alkaline electrolyte and an anode having an electrochemically active material and
elemental sulfur.

Another aspect of the present invention is a method of constructing an
electrochemical cell comprising the steps of providing a cathode, an alkaline
electrolyte, and an anode, and adding elemental sulfur to the anode.

These and other features, advantages and objects of the present invention
will be further understood and appreciated by those skilled in the art by reference to
the following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cutaway perspective view of an alkaline electrochemical cell that

may employ an anode having elemental sulfur in accordance with the present
invention; and

Fig. 2 is a graph comparing the discharge curves of a zinc anode without
sulfur to a zinc anode having elemental sulfur therein when evaluated in a flooded
test cell.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Referring to Fig. 1, a cut away view of a cylindrical alkaline
electrochemical cell 10 is shown. Alkaline cell 10 includes a steel can 12 having a
cylindrical shape with a closed top end and an open bottom end, as oriented in Fig.
1. A metalized, plastic film label 14 is formed about the exterior surface of steel
can 12, except for the ends of steel can 12. At the closed end of steel can 12 is a
positive cover 16 preferably formed of plated steel. Film label 14 is formed over
the peripheral edge of positive cover 16. A cathode 20, preferably formed of a
mixture of manganese dioxide, graphite, a 45% potassium hydroxide solution,
water, an aqueous TEFLON® solution comprising approximately 20%

polytetrafluoroethylene, and additives, is formed about the interior surface of steel

2-
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can 12. A separator 22, which is preferably formed of a nonwoven fabric that
prevents migration of any solid particles in the cell, is disposed about the interior
surface of cathode 20. An alkaline electrolyte 24, preferably formed of an aqueous
solution of potassium hydroxide (KOH), is disposed in the can 12, preferably within
the interior of separator 22. An anode 18, preferably formed of a mixture of zinc
alloy powder, a gelling agent, electrolyte, and additives, as discussed below, is
disposed within the interior of separator 22 and in contact with a current collector
26, which may include a brass nail. Accordingly, cathode 20 is configured as the
positive electrode of the cell and the anode 18 is configured as the negative
electrode of the cell.

Current collector 26 contacts a cover 36 at the open end of steel can 12. A
nylon seal 30 is formed at the open end of steel can 12 to prevent leakage of the
active materials contained in steel can 12. Nylon seal 30 contacts a Belleville
washer 28 and an inner cell cover 34, which is preferably formed of steel. Below
Belleville washer 28 in Fig. 1 is a toothed washer 29. Negative cover 36, which is
preferably formed of plated steel, is disposed in contact with current collector 26.
Negative cover 36 is electrically insulated from steel can 12 by nylon seal 30. The
cathode 20 of the present invention is preferably formed of electrolytic manganese
dioxide (EMD) as the electrochemically active material. In addition, the cathode 20
of the present invention may also contain one or more cathode additives.

As used herein, the term "electrochemically active material" is defined to
mean zinc alloys or pure zinc. Zinc alloys are comprised primarily of zinc and at
least one other metal that has been alloyed therewith. "Pure zinc" may contain very
small amounts, typically less than 100 ppm, of unavoidable impurities such as lead.

The anode 18 of the present invention preferably contains an
electrochemically active material comprising an alloy of zinc. Most preferably, the

alloy includes bismuth (100 ppm), indium (200 ppm), aluminum (100 ppm) and the

3.
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remainder zinc. Other alloys of zinc suitable for use in alkaline batteries are well
known in the art as exemplified by the disclosures in US 5,721,072, US 5,425,798
and US 5,240,793.

According to the present invention, anode 18 of electrochemical cell 10
contains elemental sulfur as a component of the anode mixture. The quantity of
elemental sulfur may range from about 0.015% to about 0.30% by weight based on
the weight of the electrochemically active material. Preferably, the quantity of
sulfur is between about 0.03% to about 0.15% by weight based on the weight of the
electrochemically active material, more preferably from about 0.06% to about
0.09% by weight based on the weight of the electrochemically active material, and
most preferably comprises 0.075% by weight based on the weight of the
electrochemically active material.

The total quantity of electrochemically material and sulfur in the anode may
range from 60% to 75% by weight based on the weight of the anode's total weight
as determined by the anode's formula. Consequently, the total quantity of
electrochemically material and sulfur in the anode may comprise 63%, 65%, 67 %
or 70% of the anode's total weight. In the preferred embodiment, an anode mixture
is prepared wherein the total quantity of electrochemically material and sulfur in the
anode is 67% by weight based on the weight of the anode. The remaining 33% by
weight of the anode is a combination of electrolyte, binder, and other additives.
The electrolyte is preferably a 37% by weight aqueous solution of KOH.

The performance characteristics of a zinc anode with 0.075 weight percent
elemental sulfur based on the weight of electrochemically active material were
compared to that of a “control” zinc anode. The anode mixtures for both the

control and for the experimental anode containing elemental sulfur were as follows:
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TABLE 1
Component Control Cells (wt %) Experimental Cells (wt %)
Zinc alloy (Bi, In, Al) 67.00 66.95
Sulfur 0 0.05
Indium Hydroxide 0.019 0.019
0.1N KOH 1.34 1.34
Carbopol™ (C940) 0.475 0.475
ZnO 0.935 0.935
Na SiO, 0.093 0.093
37% KOH 30.138 30.138

The zinc alloy, sulfur, indium hydroxide, and potassium hydroxide (0.1 N)
were mixed together, then added to a gel that had been formed by blending together
the other components. Thus, as seen in Table 1, the control anode is the same in all
respects as the anode with the elemental sulfur, except that the control contains no
added elemental sulfur, thus having 67% by weight zinc whereas the experimental
sample contains 66.95 weight percent zinc and 0.05 weight percent elemental
sulfur. |

The experimental and control anodes were evaluated by discharging the
anodes in a flooded test cell. A “ﬂoo}ded‘ test cell” is a test vehicle used to
determine the discharge efficiency of an electrochemically dischargeable material
such as zinc. The objective of using a flooded test cell is to create a physical
environment in which the discharge efficiency of one electrode can be measured
without interference from the battery’s other components.

As used herein, the flooded test cell includes a plastic rod-shaped container

that measures 8.3 cm in height and 7.6 cm in diameter. This container defines a

5.




WO 02/01654 PCT/US01/19886

10

15

20

25

centrally located circular cavity measuring 5.7 cm deep and 2.5 cm in diameter.
Construction and discharge of the flooded test cell involves the following steps.
First, a 5.7 cm wide strip of nickel screen is coiled and then inserted against the
inner surface of the cavity. A nickel strip, known hereafter as the positive lead, is
secured to the nickel screen. Second, one end of a rod-shaped brass current
collector is secured to and through the bottom of the container such that the
collector is centrally located in the center of the cavity. A nickel strip, known
hereafter as the negative lead, is secured to the brass current collector where it
extends through the bottom of the container. Third, a strip of nylon mesh, coiled to
form a cylinder approximately 0.64 cm in diameter and one and 2.86 cm in height,
is inserted into the cavity defined by the nickel screen so that the current collector
extends along the center of the coiled mesh. A gap of approximately 0.89 cm
separates the nylon mesh from the nickel screen along the entire height of the cavity
defined by the container. Fourth, an anode mixture, typically 2 grams, is disposed
within the cavity defined by the nylon mesh. Electrical contact between the zinc in
the anode mixture and the current collector is readily established. Fifth, a caustic
electrolyte is poured into the space between the nickel screen and nylon mesh. The
electrolyte, which floods the space between the anode mixture and nickel screen,
fills essentially all voids in the anode mixture, nickel screen and nylon mesh. The
aqueous electrolyte contains 37% by weight KOH and a quantity of ZnO, which is
dissolved in the 37% KOH solution and is equivalent to 3% by weight of the 37%
KOH solution.
After assembly of the flooded test cell, the positive and negative leads are

connected to the appropriate discharge equipment and the voltage of the test cell is
recorded as the zinc is discharged. The discharge efficiency of the zinc may then

be calculated.
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Fig. 2 shows a comparison of discharge curves of two samples of zinc
anodes, one mixed with elemental sulfur and one without, at a discharge rate of 250
milliAmps per gram of zinc (mA/g) in a flooded test cell. The discharge, in
milliAmp hours per gram of zinc (mAh/g), is plotted against the anode potential in
volts. Line 40 shows the discharge characteristics of the test cell with the zinc
“control” anode having no added elemental sulfur. Line 42 shows the discharge
characteristics of the experimental zinc anode with elemental sulfur added. At any
depth of discharge, the voltage of the experimental anode is higher than the voltage
of the control anode. The results demonstrate that the discharge performance of the
anode with the elemental sulfur is significantly improved over that of the control
anode as evidenced by the data which shows that the discharge capacity of the
experimental anode is about 30% greater than the discharge capacity of the control
zinc anode. After discharge, the discharge product found on the zinc's surface in
the experimental anode consisted essentially of zinc oxide. No zinc hydroxide was

detected on the surface of the zinc in the anode containing the elemental sulfur.
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The invention claimed is:

1. An electrochemical cell comprising an aqueous electrolyte and an anode,

said anode having an electrochemically active material and elemental sulfur.

2. The electrochemical cell defined in claim 1, wherein said electrochemically

active material comprises zinc alloy.

3. The electrochemical cell defined in claim 1, wherein said aqueous electrolyte

is an alkaline electrolyte.

4, The electrochemical cell defined in claim 3, wherein said aqueous electrolyte

comprises potassium hydroxide (KOH).

5. The electrochemical cell defined in claim 1, wherein said anode comprises
from about 0.015% to about 0.30% elemental sulfur by weight based on the weight

of the electrochemically active material.

6. The electrochemical cell defined in claim 5, wherein said anode comprises
from about 0.03% to about 0.15% elemental sulfur by weight based on the weight

of the electrochemically active material.

7. The electrochemical cell defined in claim 6, wherein said anode comprises
from about 0.06% to about 0.09% elemental sulfur by weight based on the weight

of the electrochemically active material.
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8. The electrochemical cell defined in claim 7, wherein said anode comprises

about 0.075 % sulfur by weight relative to zinc in said anode.

9. A method of making an electrochemical cell comprising the steps of:
providing a cathode;
providing an alkaline electrolyte;
providing an anode comprising electrochemically active material and
5 elemental sulfur; and

putting said anode and cathode in contact with said electrolyte.

10.  The method defined in claim 9, wherein said elemental sulfur in said anode
is present in an amount of from about 0.015% to about 0.30% by weight based on
the weight of the electrochemically active material.

11.  The method defined in claim 10, wherein said elemental sulfur in said anode
5 s present in an amount of from about 0.03% to about 0.15% by weight based on

the weight of the electrochemically active material.

12.  The method defined in claim 11, wherein said.elemental suifur in said anode
is present in an amount of from about 0.06% to about 0.09% by weight based on

the weight of the electrochemically active material.

13. The method defined in claim 12, wherein said elemental sulfur in said anode
is present in an amount of about 0.075 % by weight based on the weight of the

electrochemically active material.
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