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ZINC ANODE FORAN ELECTROCHEMICAL CELL 

FIELD OF nm INVENTION 

This invention relates to zinc anodes for electrochemical cells, particularly aqueous 

alkaline electrochemical cells, and more particularly to zinc anodes comprising zinc flakes. 

BACKGROUND OF nm INVENTION 

Alkaline cells have added mercury to the zinc anode to enhance current collecting effect by 

20 increasing contacts between zinc particles per se, and between 7.inc particles and current collectors. 

However, whenmercmy was removed from the ~c due to environmental concerns, perfonnance 

and quality decreased. Removing mercmy fi'om alkaline batteries impaired its leakproof 

characteristics, shock resistance characteristics, and discharge characteristics. 

Many different approaches have been undertaken to overcome these problems. To 

25 alleviate the leakage problems associated with hydrogen gas generation, zinc alloy powders were 

produced with the addition of new metallic elements such as indium, bismuth, lead, aluminum and 

others. The problems of shock and vibration sensitivity were improved by the addition of gelling 

agents to the anode {such as carboxymethylcellulose, sodiwn polyac:rylate, polyacrylic acid, for 

example). The gelling agents act to improve and increase contact po:ints and positional stability of 

30 the zinc particles. By using these gelling agents, the viscosity of the gel negative electrode increases 

to suppress the movement of the zinc particles. For example, European Patent BP 678927 teaches 

the use of three aosslinked gelling agents in combination for inhibiting vibration and improving 

shock resistance. 'Ibis can impair discharge cham:teristics due to a poor reaction efficiency of the 

zinc and due to a reduction in electrical capacity ratio. Japanese published application JP 7-254405 

35 teaches using a gelled negative electrode comprising non-amalgamated zinc powder in the shape of 

balls and long slender elements to increase contact points for improved dischargeability and 

flowability of the anode gel. 

Due to the limited size of a battery's intemal volume, battery manuf4ctw'ers have been 

limited to the amount of active materials that can be packed into the cell In order to provide the 

40 maximum electrochemical activity with a minimum of limiting polamation, it is desirable to operate 

a battery at aS low a current density on the active materials as possible while still producing the 
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required amount of total current from the system. Accordingly, alkalin!' batteries conventionally 

employ electrodes made from powdered active materials so as to obtain the highest possible surface 

area per unit weight or volume and thus minimi?.C current density. Jn the prior art, the minimum 

amount of zinc powder in a mercury ftee anode needed to efticiently match the cathode's 

S electrochemical potential bas been no Jess than about 28 volume percent. Using higher amounts of 

zinc would unnecessarily waste zinc and restrict space around each zinc particle which "limits the 

cell's solid reaction product capacity. The higher zinc content can therefore result in a decreased 

high rate service perfonnance. Using lower amounts of zinc powders results in decreased 

electrochemical output and decreased voltage stability due to insufficient particle-to-particle and 

1 O particle-to-collector contact. 

Conventional zinc powders, as sh.own in Figure 1, are characterized as irregularly shaped 

particles. ranging from lumpy or distorted spheroids, to elongated tuberous fo11DS. These particles 

frequently possess craggy, or minor protrusions. and ilregular surface characteristics. The average 

surface area of these particles can be about 3 7 crriJ. per gram of zinc. These conventional zinc 

15 powders are produced by air jet atomization of molten zinc. 

A particle's dimensions can be described in a three dimensional system by its length. width, 

and thickness. The aspect ratio of any particle is the ratio of its length to its width. Depth is another 

important dimension. The depth detennines the minimum size sieve opening through which the 

particle will pass. The depth is not necessarily perpendicular to either the width, thiclmess, or the 

20 length. For a typical battery grade zinc powder, the median depth, is determined by sieving. is 

approximately 100 to 300 microns; however, the extremes range from 20 microns to 1000 microns. 

Typical powders, as analyzed by scanning electron microscopy, have a depth that is nearly the same 

as the width, and have aspect ratios of approximately 2 (i.e., the particles are near spherical to 

elongated shapes). In conventional zinc powders, the ratio of the largest to the smallest lateral 

25 dimension is typically between about 1:1 to 10:1. 

The zinc flakes of the present invention while having these dimensions do not necessarily 

need to be in a planar orientation. The flakes can also be distorted with turned-in comers, buckled 

in the middle or otherwise shaped. 

U.S. Patent 4,743,185 by Vu et al teaches the use of compressed zinc powders for the 

30 purpose of suppressing hydrogen gassing in amalgamated and non-amalgamated anodes. Vu et al 

teaches that zinc powders including zinc flakes can be use in anodes only when they are compacted 

to densities at least 6.5 rfcc. 

U.S. Patent 5,283,139 by Newman et al teaches anodes with zinc volume percents ranging 

from 17.37 to 25.21. However, these low zinc concentrations were enabled by the use ofmercwy to 

35 increase conductivity between the zinc particles. 
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Nonetheless, until now, use of conventional zinc powders has required no less than 28 

volume percent of zinc in mercury free anodes to provide sufficient elee1ronic conductivity. 

Accordingly, it is desirable to have a zinc anode that enables significantly lower amounts of zinc to 

S be used in a mercury free anode, while still maintaining an adequate current carrying matrix while 

maintaining good conductivity, improved high curn:nt discharge efficiency, and solve! ihe problem 

of shock and vibration sensitivity. 
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SUMMARY OFmE INVENTION 

An object of the present invention is to provide an electrochemical cell having an anode 

comprising zinc tlakes. 

A fUrther object of the present invention is to provide an electrocbemical cell comprising 

an anode using flakes in which the zinc flakes are non-compacted and uniformly incorporated 

1 S within the anode. 

A further objeot of the present invention is to provide an electrochemical cell with an 

anode in which zinc flakes are homogeneously dispersed within the anode either throughout the 

anode volwne or within a concentrated anode volume produced by gel microstructures or nuggets. 

A further object of the present invention is to provide an electrochemical cell comprising 

20 a mercury free zinc anode in which the zinc concentration is minimized,, having less than 27 percent 

zinc by volume in the anode, or between 0.36 grams/cc to about 1.56 grams/cc of zinc density. 

Further object of the present invention will be made apparent from the following Detailed 

Description of the Jnvention and the appended Claims. 

The foregoing objects arc accomplished in the preferred embodiment ofth.e invention by 

25 an electrochemical cell having an anode which includes non-compacted zinc tlakes. The purpose of 

the zinc flakes is to provide a mercury-free zinc anode having zinc concenlrations less than 27 

percent by volume. Alternatively, the zinc anode can have zinc concen1l'ations less than 28 percent 

by volume when the zinc anode includes the zinc flake. Stated another way, the electrochemical cell 

can include the mercmy·ft'ee zinc anode wherein the zinc anode content has densities between about 

30 0.36 grams/cc of zinc of anode volume to about 1.56 gr.unslcc of zinc of anode vol.tune. The zinc 

flakes of the present invention have an average swface area ranging from about 75 centimeters 

squared to about 150 centimeters squared per gram. 

As stated, the electrochemical cell of the present invention comprises non-compacted zinc 

flakes, which can be otherwise stated as an electrochemical cell having an anode including zinc 

35 densities less than 6.5 grams/cc. In the electrochemical cell of the present invention, zinc flakes 

are uniformly incorporated within the anode. The zinc flakes can be either homogeneously 
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dispersed throughout the anode or can be homogeneously dispersed within a concentrated anode 

volwne produced by gel microstructures or gel nuggets. 

Zinc :flakes of the present invention. of course, include a thickness length and width 

dimension. It is prefeaed that the thickness dimension of each zinc tlake be at least ten times 

S smaller than its length and width dimensions. An electrochemical cell of the present invention can 

also include zinc powder. However, it is preferred that the zinc tlakes comprise from about S to 

about 70 weight percent ofthe total combined weight of the zinc flakes and the me powder. It is 

most preferred that the zinc flakes comprise from about S to about 30 weight percent of the total 

combined weight of the zinc flakes and the zinc powder. The electrochemical cell of the present 

I 0 invention includes zinc flakes composed of pure zinc. Alternatively, the zinc tlakes can comprise a 

zinc alloy. If the zinc flakes comprise pure zinc or an alloy, the zinc flakes can be coated or surface 

deposited with indium. The zinc alloy can comprise one or more of the metals selected from the 

group consisting of indium, bismuth, lithium, calcium. or aluminum. 

The electrochemical cell of the present invention prefembly includes an alkaline 

IS electrolyte, which is dispersed throughout the electrochemical cell contacting both the zinc filled 

anode and a cathode including manganese dioxide. Of course, the present invention is not limited to 

this particular type of elec:troc:hemical cell. However, a AA size cell of this alkaline fype with zinc 

flakes has demonstrated at least ten minutes of2000 milliampere constant current in a 21 •Croom 

from its initial voltage down to a voltage of 0.90 volts. 

20 

25 

BRIEF DESCRIPTION OF TimDRAWINGS 

Figure I is an electron photomicrograph of the prior art conventional me powder, as used 

in aqueous alkaline cells, showing the characteristically irregular particle shapes and sizes. 

Figure 2 is an electron photomicrograph of zinc flakes as used in this invention. 

Figure 3 is a plot of a voltage profile (voltage vs. amp-hr per gram zinc) of an me pulse 

test to 0.9 volts series comparing cells containing anodes employing zinc powder to an anode 

employing zinc Bakes. 

Figure 4 is a plot of a voltage profile of a 3.9 ohm continuous discharge test comparing 

30 cells comprising an anode of conventional zinc powder to cells comprising an anode with 10 percent 

of the zinc as flakes with the remainder as powder. 

35 

Figure 5 is a plot of a voltage profile (voltage vs. ampere per gram zinc) of a 2000 

milliamp test to 0.9 10 volts of cells employing an anode of all zinc powder to an anode of 20% by 

weight flakes and the remainder zinc powder. 

Figure 6 shows cross-sections of alkaline manganese dioxide-zinc cells, illustrating 

homogeneously dispersed zinc powder anodes, a concentrated zinc powder anode, and a 

homogeneously dispersed zinc flake anode. 
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DBTAILBD DESCRIP110N OF THE INVENTION 

R.efeaing now to Figure 2, there is shown zinc flakes typical of those of the present 

S invention. A tlake is a relatively small. thin particle having high sur:f8ce area per gram, with a .. 
thickness, length, and width dimension. The thickness is substantially smaller than any other 

dimension. The Oakes can have varying shapes, such as scale-like or chip-like layers of zinc. having 

various geometries such as discs, squares. troughs, triangles, rhomboids, rectangles. and the like. 

The zinc flakes may also have various configurations. For example, the flakes can be .fla4 bent, 

10 curled, or otherwise shaped or configured. The desired configurations can be selected based on 

processability or other optimizing characteristics. 

Typically, the thickness of the flakes is at least 10 times smaller and preferably at least 20 

times smaller, and most preferably at least 80 times smaller, than the next smallest dimension of 

either width or length. In practice, largely to maintain the ability of a bed of such particles to tlow, 

15 the ratio of the next smallest dimension to the thickness is preferably in the range ofabout 20:1 to 

about 80:1. The applicants have discovered that the thinnest particle produces the best current 

density, therefore, the preferred ratio is about 80:1. Zinc flakes which have provided favorable 

current densities have thicknesses of0.001 inch. with an average length of0.024 inch and width of 

0.024 to 0.040 inches. However, the invention is not limited to zinc Oakes of these dimensions. 

20 
2 2 

The average surface area of tlakes can range from about 30 cm to about tSO cm per gram. 

The flakes used in this invention preferably have an average surface area of 121 cm per gram of 

· zinc, thus. the surface area for flakes can be on the average of a 300o.4 increase per grain compared 

to typical powders, providing a good contact mechanism. Increasing the sur.fiu:e area in this 

magnitude lowers the cmrent density to one-third for the same input of zinc.Surface areas of flakes 

25 can be measured by scanning electron microscopy. The tap density or bulk density of the zinc flakes 

in this invention is 0.82 glee; as compared to 3.05 V}cc for conventional zinc powders. Table 1 

shows tap density, average tbiclmess, and average surface area comparisons of conventional zinc 

powders (and other zinc forms known in the art) to zinc flakes of this invention. 

TABLE! 

Tap Density Thickness Surface Area 
Material lem/cc) (microns) (en/'/flm.) 

Flakes 0.82 25 121.3 

1230 Zinc Powder 3.05 180 37.0 

Needles 3.19 320 19.7 

Spheres 4.23 316 26.6 

30 
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The t1ake materials in this invention can be obtained from available sources, or may be 

manufactured using processes described in U.S. Patents 4,154,284, 4,242,069, and 4,215,084, the 

disclosure of which is incorporated herein by reference. One way of producing zinc flakes is the 

S rapid solidification technology in which metal flakes are produced using a metal sp~ process. 

A molten metal stream is channeled into a thin, liquid stream and directed to contact a chilled 

spinning block producing the zinc flake. This process is commercialir.ed and practiced by the 

Transmet Corporation of Columbus. Ohio. Other rapid solidification techniques include a rotating 

extracting disk which extracts the molten metal from a bath and propels it through an inert 

10 atmosphere producing the zinc flake. Although these methods are adequate in producing the zinc 

flake of the present invention, the invention is not restricted to these methods. 

The zinc flakes can be comprised of pme zinc defined as unalloyed zinc, or zinc alloys 

such as bismuth-indium-calcium, bismuth-aluminum, bismuth-indium. bismuth-indium-aluminum, 

or others. The zinc powder can be independently comprised of pure zinc or a zinc alloy. That is. the 

15 zinc powder and the zinc flake need not be made of the same zinc composition; however, the 

composition of the zinc flake can be any percent composition known or unknown for powders. The 

composition of the zinc tlakes used in the preferred embodiments are: 500 ppm Pb alloy; bismuth­

indium-calcium alloy (bismuth 2SO ppm, indium 250 ppm, calcium 150 ppm); or, bismuth.-indium­

aluminum alloy (bismuth 250 ppm. indimn 250 ppm, aluminum 80 ppm), although other alloys are 

20 of course feasible. In another preferred embodiment, indium can be coated on the alloys in an 

amount of 10-500 ppm, preferably between 20-200ppm. The composition of the zinc powder in the 

present invention is not aitical to the invention, and any zinc or zinc alloy composition known for 

use in batteries may be used to fonn the zinc flakes employed in the present invention. 

The anode gel according to this invention is a homogeneous mixture of an aqueous aJkaline 

25 electrolyte, a gelling agent being composed mainly or solely of a crosslinked polyaaylic acid, and a 

combination of zinc powder and thin zinc flakes as main components. The aqueous alkaline 

electrolyte can be an alkaline metal hydroxide such as sodium hydroxide. potassium hydroxide, and 

the like. or mixtures thereot: Potassium hydroxide is prefer.red. The gelling agent that can be used in 

this invention can be a c:rosslinked polyacrylic acid such as Carbopo)8 940, 

30 carboxymethylcellulose, polyacrylamide, sodium polyacrylate. or other agents that are hydrolyzable 

in alkaline electrolyte solution. The zinc powder and/or zinc flakes may be pure zinc, or an alloy 

comprising an appropriate amount of one or more of the metals selected from the group consisting 

of indium, lead, bismuth, lithium, calcium, aluminum, with the balance being zinc. Pure zinc or any 

combination of alloy compositions may be used for the powders and flakes. The flakes can be 

35 present in an amount between about 5 percent by weight to about 70 percent by weight of the total 

zinc concentration, with the remainder being conventional zinc powder. The order of addition and 

the methods of mixing the components are not critical to this invention. However. it is important 
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the mixing of the components results in the uncompacted homogeneous distribution of tlakes 

throughout the mercury free anode. 

The gelling agent of the present invention may also compiise gel "nuggets" which are gel 

microS11'11CtUres swelled with electrolyte. Such "nuggets" are known in the prior art and act to 

S concentrate the zinc by moving each zinc particle into relatively closer relation with adjacent zinc .. 
particles. Although the zinc particles are homogeneously distributed in the anode space arowid the 

''nuggets," they, of course, do not occupy the same space with 1he ''nugget" and, therefore, are 

homogeneously dispersed within a concentrated anode volume. However, the presence of"nuggets" 

or the composition of; or the distribution of the zinc within, the anode gel is not aiti.cal to the 

10 invention and any anode gel composition may be employed. 

Other components such as gassing inhibitors, organic or inorganic anti.corrosive agents, 

binders, surfactants, or others. may be optionally added. simultaneously or separately, directly to the 

dry zinc mixture, or may altema1i.vely be added to the electrolyte or gelled electrolyte before 

blending. Examples of gassing illhibitors or anticorrosive agents can include indium salts (such as 

15 indium hydroxide). perfluoroalkyl ammonium salts, allcali metal sulfides, etc. Examples of 

surfilctants can include polyethylene oxide, polyoxyethylene alkylethers, perfluoroalkyl compounds, 

and the like. 

It has been found that the use of a mixture of zinc Jiakes and zinc powder provides the 

ptefem:d composition because the mixture in a gel material has better flow characteristics for 

20 assembly purposes than just zinc tlakes in the gel :material. It bas been found that anode gels using 

zinc flakes having a zinc content as low as 9 volume percent in the anode gel perform satisfactorily. 

Presently, a combination zinc ratio of20% zinc flakel80 % zinc powder is preferred. The ratio can 

vmy depending on 11.owability and paclcability characteristics. Genenlly, the ratios can also vary 

based on the particles' shape and configuration. It is desired that the combined ratio will have a mass 

25 matching the electrochemical potential of the Mn02 in the cathode. Mixtures within the range of 

from about S to about 70 weight percent of the zinc as flake, depending on the shape and the 

configuration, with the remaining percentage of the :zinc as powder, do permit excellent filling of the 

anode cavey-, provide sufficient total zinc and surface--accessible zinc. and support the above­

mentioned advantageous results including insensitivity to shock and vibration. In a prefeired 

30 embodiment, the zinc flakes can comprise about 20 weight percent of the total zinc weight. For 

levels above 70 weight percent, flowability may be lowered. For concentrations lower than 5 weight 

percent, surface area and particle-to-particle and particle-to-collector contact may be too low. The 

zinc content in the anode gel using this invention should be between about 0.36 gl'8mS of zinc per 

cm2 of anode gel volume and 1.56 grams of zinc per cm3 of anode gel volume. The anode gel 

35 can be prepared by (1) mixing a solution of the electrolyte with the zinc-before, after, or 

concurrently with dissolution of the gel material therein -- the zinc flakes comprising about 5 to 
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about 70 weight percent of zinc and the remainder of the zinc in the fonn of conventional zinc 

powder. the powder being a mixture of iiregularly shaped particles, having particle size distn"butions 

ranging from 20-1000 microns and averaging approximately 200 microns, with an aspect ratio range 

of 1 to 1 and an average aspect ratio range ofl in the xy, yz and xz vectors; and (2) mixing 

5 thoroughly to unifmmly incotporate the zinc forms; and then (3) shaping or flowably ~aping the 

resulting anode gel material to form an anode for an electrochemical cell, which contains 

uncompacted zinc 1lakes homogeneously distributed throughout. 

In a preferred embodiment of this invention, a zinc anode gel having 25 volume percent 

zinc can be prepared using a mixture of zinc flakes, zinc powder, potassium hydroxide, and indium 

10 hydroxide. The zinc flakes are present at 20 weight percent of the total weight of the combination of 

zinc powder and zinc flakes, with the remainder being conventional zinc powder (Big River Zinc 

1230). Both the flakes and the powder are zinc alloys comprising 500 ppm lead. and are surface­

coated or sur:fac:e..deposited with indium. Tho zinc combination is mixed with pre-gelled electrolyte, 

comprising a combination of35 weight percent of anode gel of 38.5% aqueous potassium 

15 hydroxide, 0.6 weight percent Carbopol@ 940, 0.05 weight percent sodium silicate as binder, and 

1.0 weight percent zinc oxide. 

In another preferred embodiment of this invention, a zinc anode gel having 9 volume 

percent zinc is prepared using only zinc flakes. The flakes are a zinc alloy comprising SOO ppm lead, 

and surface-coated or deposited with indium.. 1be zinc flakes are mixed with the pregelled 

20 electrolyte. comprising about 63 weight percent of38.S% aqueous potassium hydroxide, 1.1 weight 

percent Carbopol® 940, 0.1 weight percent sodium silicate as binder, and 1.9 weight pereent zinc 

oxide. 

EXAMPLE! 

Two test lots of alkaline cells are constructed comparing anode gels made with zinc flakes 

25 with control gels made with conventional zinc powders. Pure zinc was used in both test lots. The 

test anode gel is made by mixing 9 volume percent zinc flakes, having an average dimension 0.024 

x 0.024 x 0.001 inch with gelled electrolyte solution. The gelled electrolyte solution comprises 

about 0.6 weight percent crosslinked polyactylic acid (Carbopol® 940) and the balance being 38 % 

aqueous potassium hydroxide. The anode volume is measured as the volume enclosed in the space 

30 between the inside surface of the separator to the collector, and the inside surface of the separator at 

the bottom of the anode to the top of the anode. Control AA cells containing 9 volume percent zinc 

powder in the anode are similarly constructed. The resulting cells are tested for short circuit 

amperage. Whereas the control AA cells have a short circuit amperage of0.2 Amps, the flake AA 

cells produce 16 Amps of current. Thus, the cell with the zinc flakes demonstrate a greatly improved 

3 5 current carrying efficiency per gram of zinc over zinc powder anode cells. 
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EXAMPLE2 

Jn this example, zinc flakes of average flattened dimension 0.024 x 0.024 x 0.001 inch are 

combined with conventional zinc powder in gelled electrolyte, as deaibed above in Example 1. 

Pure zinc was used. The total amount of zinc in the gel is 63 weight percent, which is equivalent to 

S 25.2 volume percent. Of this total amount of zinc, 10% by volwne of this zinc is comprised ofzinc 

flakes, the remainder being zinc powder. The resulting cells are discharged continuously at 3.9 

ohms load. As shown in Figure 4, the cells with the zinc flakes have higher short circuit amperages 

than the controls, and smooth discharge curves compared to erratic discharge for 1he controls. This 

demonstrates that with the flakes, there is better electron conductivity. The cells with the flakes also 

10 have 90 more minutes of discharge to the sudden decrease in voltage, due to the higher total me 
surface area of the cell with zinc flakes. 

8XAMPLB3 

In this exampl0t pure zinc gel anodes containing a total of 9 volume percent zinc, all in the 

15 fonn of flakes. is incorporated into M cells. Control AA cells contained 28.3 volume percent zinc, 

all in the form of powder. Tue flake and control AA cells are tested for operating voltage 

performance on a 1.8 n lEC Pulse test in which a 1.8 n load is alternately connected to the cell 

terminals for 15 seconds and disconnected for 45 second$. The results showthat, during the useful 

life of the cells de1ined as the period during whi<:h the cells maintained a voltage above 0.9 Volts, 

20 the flake AA cells maintain an average operating voltage of approximately 1.09 Volts, with the 

control cells at about 0.965 Volts. Thus, with less than one-third the volume of zinc, the tlake anode 

cells maintain approximately 13% more voltage than the control cells during their usetuI life, clearly 

outperforming the controls. yet with marlcedly increased efficiency. 

25 BXAMrLB4 

Figure 3 is a graph comparing cells having 9 volume peroent conventional pure zinc 

powder~ 9 volume percent concentrated pure zinc powder, and 9 volume percent pun= zinc flakes. A 

zinc anode gel having 9 volume percent me as only conventional zinc powder (Big River Zinc 

1230) is prepared by homogeneously mixing the indium coated zinc powder with the pre-gelled 

30 electrolyte solution, and incorporating into a AA size cylindrical alkaline cell 

A second zinc anode gel having 9 volume percent zinc as only conventional zinc powder 

(Big River Zinc 1230) is prepared by mixing the zinc powder with the pre-gelled electrolyte 

solution, then incorporating the anode gel into a AA size cylindrical alkaline cell, concentrated to 25 

volume percent near the collector for electrical contact This second cell is depicted in image B of 

35 Figure 6. 

A third anode gel having 9 volume percent zinc, entirely as zinc flakes, is prepared by 

homogeneously mixing the zinc flakes with the pre-gelled electrolyte solution. This third cell 
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construction is depicted reptesentationally by image C in Figure 6. 1he construction of these three 

cells are illustrated by the three cell constructions depicted in Figure 6. Open circuit voltages and 

short circuit amperages are measured on the three types. All three types have the same open circuit 

voltage, but a large difference in amperages: 0.2 amperes for the homogeneous powdert 8.5 amperes 

5 for the concentrated powder. and 15.6 for the homogeneous zinc flakes. The test is a I'!~ rate pulse 

for these cellst consisdng of 1.8 o• 15 seconds on and 45 seconds off, at 21 • C to a cutoff of 

0.90volts. 

The cell having the homogeneously dispersed powder was below cutoff on the first pulse, 

as indicated by the dot-dash curve. The cell having the zinc powder concentrated exhibits 147 

l 0 pulses to the cutoff as shown by the dash curve. The cell having the homogeneously dispersed zinc 

flakes exh11>.its 242 pulses to the cutoff voltage, as shown by the solid line curve. These results 

evidence that zinc :tlakes provide better performance than the powder, even when the zinc powder 

has been concentrated to offset the poorer particle to particle electrical matrix compared to the 

flake. 

IS 

EXAMPLES 

Figure S is a graph comparing the perfonnance results of two alkaline cells. having 25 

volume percent pure zinc; at a constant CWTent drain of 2000 milliamps for AA size cylindrical 

alkaline cells. One cell was a control, having all the zinc as pure zinc powder, and the other cell 

20 substituted 20 weight percent of the powder with 0.024 x 0.024 x 0.001 inch pure zinc flakes. The 

test is 2000 Milliampe:res constant current in a 21 • C room to 0.90 voltS. As can be seen by the 

voltage profiles, the cell having all the zinc as powder exhibits 4.4 minutes to 0.90 volts while the 

one with 20% of the zinc as the square flakes exhibits 11.0 minutes to 0.90 volts. Employing the 

zinc flakes thus shows a significant improvement on high rate discharge. 

25 The above desc:ri.ption is considered that of the preferred embodiments only. Modifications 

of the invention will occur to those skilled in the art and to those who make or use the invention. 

There.fore, it is understood that the embodiments shown in the drawings and descn'bed above are 

merely for illustrative purposes and are not intended to limit the scope of the invention, which is 

defined by the following claims as interpreted according to the principles of patent law. including 

30 the doctrine of equivalents. 
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CI.AIMS 

1. An electrochemical cell comprising an anode comprising non-compacted zinc flakes. 

2. The electrochemical cell of claim 1, wherein said an.ode comprises zinc densities less than 6.5 glee. 

3. The electrochemical.cell of claim 1, wherein the zinc flakes are uniformly incorporated within the 

anode. 

4. The electrochemical cell of claims 1, 2 or 3, wherein said zinc flakes are homogeneously dispersed 

within the anode. 

S. The electrochemical cell of claim 1, 2 or 3, wherein said zinc flakes are homogeneously dispersed 

within a concentrated anode volume. 

6. The electrochemical cell of claims 1, 2 or 3, wherein said zinc flakes have thiclcness, lenatht and 

width dimensions, said thickness dimension being at least 10 times smaller than its length and width 

dimensiOIIS. 

7. The electrochemical cell of claim 6 wherein said zinc flakes are homogeneously dispersed within the 

anode. 

8. The electrochemical cell of claim 6 wherein said zinc flakes are homogeneously dispersed within a 

concentrated anode volume. 

9. The electrochemical cell of claims 1, 2 or 3, wherein said anode further comprises zinc powder. 

10. The electrochemical cell of claim 9, wherein said zinc flakes comprise from about S to about 70 

weight percent of the to1al combined weight of the zinc flakes and the zinc powder. 

11. Tue electrochemical cell of claim 9, wherein said zinc flakes comprise from about 5 to about 30 

weight percent of the total combined weight of the zinc flakes and the zinc powder. 

12. The electrochemical cell of ciahns 1, 2 or 3, wherein said zinc flakes comprise pure zinc. 

13. The electrochemical cell of claims 1, 2 or 3, wherein said zinc flakes comprise a zinc alloy. 

14. The electrochemical cell of claims 1, 2 or 3, wherein said zinc flakes are coated or surface deposited 

with indium. 

15. The electrochemical cell of claims 13, wherein said zinc alloy comprises one or more of the metals 

selected from the group comisting of indium, bismuth, lithium, calcium, and aluminum. 

16. Tue electrochemical cell of claims 1. 2 or 3, wherein said electrochemical cell comprises an alkaline 

electrolyte. 

17. The electrochemical cell of claims 1, 2 or 3, wherein the zinc flakes have an average surface area of 

about 75 cm1to about 150 cnr per gram. ., 
18. An electrochemical cell comprising a mercury free zinc anode, said zinc anode having zinc 

concentration less than 27 percent by volume. 

19. An electrochemical cell comprising a zinc anode, said zinc anode having zinc concentration less than 

28 percent by volume, wherein said zinc anode comprises zinc flake. 

11 

SUBSTITUTE SHEET ( rule 26 ) 



WO 98l20569 

1 ff If III m1111n1111111111111 
* C l M S * PCT!1JS97/l12ZS 

20. The electrochemical =ll of claim 18 or 19, wherein said cell comprises a ":AA" size alkaline cell. 

wherein said electrochemical cell demonsfrates at least 10 minutes of 2000 milliampere constant 

cumnt in a 21 °C room to 0.90 volts. 

21. An electrochemical cell comprising a mercuey free zinc anode, said zinc anode content having between 

about 0.36 grams per cc of zinc of anode volume to about 1.56 grams per cc of zinc of anode volume. 
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