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;" The present invention relates to an izproved primary alkaline
"ucctraehuim cell having a zinc ancde and a manganese dioxide

cathode. Nore particularly, the invention concerns an cptinized cell

vhich provides up to a 10% increase in cell performance under the

common discharge tests.

Alkaline cells having ginc anodes and nangansse dioxide
containing cathodes have besn commarcially available for aver 20
years. Thus, the calls can be considered o be a mature product in
that ths performance characteristics of such cells, g:ier to the
present invention, have been maximized by ¢he competition among the
zajor alkaline battery manufactursrs to provide the "longest lasting”
battery. All battery manufacturars havs boen oparating under the
same constraint in that the conventional battery siszes, i.e. AAA, AA,
€, D and SV, have basn standardiszed internationally. Thus, the -
voluze within such cell sizes_inte which the active materials are- —

| packed is fixed. The amount of energy avannbl.o fron any given cell
size has a thecretical upper limit which is defined by the intoml
call volume and the practical densities of the call's active
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copponents that ars exployed.

’

Each battery sanufacturer, while being limited to the sume
internal voluss into wnich the battery active materials can be
,'packed, uses slightly different proportions in the amounts of active
" paterials and .alectrolyte as compared to the other battery
panufactursrs. Thus, bstween the high and the low limits in the
amount cz'zinc, manganese dicxide, graphits, zinc density, cathode
density and nloatrolyti used by all of the battery manufacturers
there is almost an infinite number of permutations possible.
Applicants have discovered tl;it it is possidble to balance the zinc
quantity, zinc density, MnO, quantity, Mn0, density, and
| electrolyte guantity in such a way as to provide at least a 10%
pcrtamnéc inprovenant. ovar ths best performing conventional
alkaline batteries. This is a significant achievenent, and guite
unsxpectsd, for a product whose performance has been cptimized over a
20 year period by the competitive forces in the markstplaca.

The discharge reaction at the z2inc anode in an alkaline cell can
T bawritten ast a S

zn-'b an*2 + 207
2n*2 + 208 ~» 2n0 + Hy0
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ad The discharge reaction at the NnO; cathode can be written as:

JMn0, + 28,0 + 20 = 2MNOCH + 20H"

’ The net csll reaction is given by the additien of these thrae

reactions:
2n + 2Kn0, +Ho0 =» 2no + 2MnOOH

Thus, it can be sean that vater is consumed by the reaction. One
skilled in the art would expsct that if the amcunt of active
‘materials in a cell is increased the amount of XOH electrolyte must
be proporﬁiodatnly increased so that snough water is prasent to keep
the cell from drying out. If an alkaline cell bscomes too dry dus to
water depletion the performance of the cell deteriorates. Applicants
have discovered, howaver, that the amount of active materials can be
increased without increasing the amount of agueous KOH electrolyte
- over that used in conventional cells. In other words, the ratio of

Zn/KoH (assuming a Gonstant molarity of XOH electrolyte) can be
increased over conventional ratios without affescting cell
performance. This is discussed in gresater detail below.
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conventional alkaline cells comprise & galled zinc ancde
aixture. The mixture cciprises individual zinc metal particles, a
gcni.s;g agent, an amount of alkaline alestrolyts, and minor amounts
of other additives such as gassing inhibitors. A common gelling
,"a,gnnt is a carboxymethycelluloss type such as Carbopol 940. Non-
| limiting examples of gassing inhibitors include inorganic additives
such as indium, bismuth, tin and lead and organic inhibitors such as

phosphate’ asters such as RA600 (made by GAF) and anicnic and
non-ionic .surfactanﬁ. _ See for example U.S. patant Nos. 5,168,018;
4,939,048; 4,500,647 3,963,520; 4,963,447 ¢,455,358; and 4,195;120
for axamples ©f varicus anode .nixt‘um known in the art.

. Regardless of the particular anocds nixture employed by a battery
manufacturer the amount of zinc metal for a given cell size (as well

as the other paramesters discussed hersin) falls within a spacific
rahgc. Por conventional AAA size cells it 2ay rangs from 1.3 to 1.6
grams or 1.07 to 1.31 ampare~hours (based on 0.82 ampere-hour per
gram). Similarly, the volumstric capacity of gzinc anodes in AAA size
cells (determined by dividing the capacity of zinc by the total
_internal volume of the sealed cell) may range from .3885 ¢0 .492

ampere-hour per cm® of total internal cell volume. If zinc is the

liniting electrode (versus the cathode) tha foragoing values
l represant the maximum capacity and volumetric capacity available from
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. the cell. B8imilarly, typical commercially available cells of other
& gsizes are made within varying ranges of the other parsasters
| discussed herein. ‘ '

" the present invention is based on the discovery that the capacity
of each electrode can be increased to at least 0.48 and nors
preferably to at least 0.5 ampere-hour per e’ of internal cell
volune without increasing the amount of electrolyts. -!ﬁi- is
achieved by amploying zinc densities of at least 1.4 grams of zinc
per cm’ of anode volume and MnO, densities of at least 2.7 grams

of MnO, per ca’ of cathode volume.

The featurss and advantages of the present invantion will now be
described in reference to the figure in which:

Fig. 1 is a cross sectional viiw through an alkaline cell made i-

accordance with the present invention.

.-; Cylindrical cell 10 comprises casing 12 closed at its cpen end &

e ~——aaal~nsnhnrwtt-hutng—crtuped-tn—ptxcsr—?Cathodc 16 is an annular
structure as shown uhcruin the ocuter surface of said cathode contsst
the inner surface of fha casing making slectrical contact thersto.
Cathode 16 is formed by stacking cathode pellets l6a as shown. Zact
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. cathode psllet is mads from a mixture of MnOy, & conductive agent,
PL and slectrolyts.

Cell 10 further comprisas separator 18 which lines the inner

'surfaces of annular cathods 16. Separator 18 can be any of the well
known ssparator materials such as celluloss or rayon.

Ancde ‘mixture 20 is located within the separator lined cavity.
Anode mixture 20 as dispensed comprises zimc particles, alkuline
.cloctrolytc, a gelling agent, and ones or more gassing inhibitors such
as the cnes described above. Generally, the gzinc and alkaline
electrolyte togethar comprise up to about 568, and mors praferably up-
" to about 98% by weight of the mixture. The gelling agent comprises
up to about 3%, and more preferably up to about 1% by weight of the
mixture and the gassing inhibitors cemprising up to about 1t by

weight of the mixture.

Anode collector 22 passes through seal mambar 14 and into anode
nixture 20 as shown. The upper end of anocde collector 22 is
connected to negative end cap-24-as shown, which end cap serves as- -
the negative external terminal of cell 10. Additionally, an amount
of alkaline -loctrolyt; is added to the cell which bscomes
distributed throughout the ancde, cathode, and separator.
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The present invention is based cn the discovery that less XOB
electrolyte relative to the amcunt of ginc can be employed snd still
obtain efficient dischargs (this is contrary to leng hald beliefs in

'tne battary industry that the electrolyte amount could not be loversd

" i¢ more active materials are used). As a result, the density of the
‘zinc in the anode structure.can be increasad. Preferably, the weight
ratio of £inc to KOH is at least 2.811, and more preferably at least
3:1. Such increased weight ratios of 2n/ROHE results in a density of
ziné in the ancde volums of at least 1.4, more preferably at least
1.6, and most preferably at least 1.7 grams of zinc per cm’ of
ancde volume. With move zinc added to the anode versus a

-convcntional cell it is possible, regardless of call size, to have
the ratios of the capacity of the zinc anode to the internal volune

of the cell at least as high as 0.48 ampere-hour per cm®, and more
prefarably at least 0.5 ampere-hour per cum°. '

The improvenment in discharge efficiency of the zinc ancde
resulting from a more dense ancde led to the further discovery that

~~—————the prior belief that the cathode inefficiancy was the domirant _
factor in overall cell performance was ingcorrect. The amount of
conductive agent provided in conventional alkalinc uclls (ax much as
12% by waight in some cell gizes) as well as the density of Mno, in

Ly L
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the cathods structure (on the order of 2.3 o 2.75 grams per cm’ of
ammm)mumwmumuzm.

Thersfors, in sccordance with the present invention less conductive
agent is provided in the csthods vhersby the amount of MnO, can be

'increased. Thus, the MnO, capacity can be kept in relative balance

with the increased zinc capacity. PFPreferably, ths ratic of the

NnO, capacity to the zinc capacity is bstwsen 0.95:1 to 1.1:1, and
more preferably is betwasn 1:1 and 1:1:1. With more ¥n0, added to
the cathode versus a convantional cell it is possible, regardless of
call size, to have the ratios of the capacity of the MnO, cathode
to the internal volume of the 'ecn at least as high as 0.48
appare-hour per e;n’ « and more preferably at ‘J_.mt 6.5 ampare-hour

'pcr cz®. The density of the MnO, is alse higher than that

convantionally used and is preferably at lsast 2.7, and more
preferably at least 2.8 grams of MnO, per cm® of cathode volums.

Some battery zmanufacturers have szploysd a high density anode
sinilar to the anode of the present invention, but they have not
correspondingly also lowered the amount of elactrolyts, 1uwma the
amount of conductive agent in the cathode, and increased the. amount. .
of MnC,. Thus, the spescific combination of cell paramaters
ancozpassed by the appended claims have not previously been combined
wvhereby the ceall performance raalired by the present invention
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greatly excaeds that which is cbtainable by commercially available
i  alkaline battaries.

The features and aavanuqu. of the 'pmcnt invention will now be
. 'demonstrated in the following examples.

EXAMPLE 1

This example demonstrates the improved parformance of & AAA size
cell made in accordance with the presant inventicn as compired to a

conventional AAA sise cell.

A conventicnal AAA size alkalins cell has an internal voluma of
2.84 co®. The zinc anode comprises 1.5 grams of zinc at a density
0f 1.24 grams per cu® of anode volume. Ths volumetric capacity of
the zinc anode is .435 ampere~hour per cm’ of internal cell volune.
The MnO, cathode cénprisn 3.6 grams of MnO, at a density of 2.58
grams pﬁr cm, of cathode volume. The vo'nmctric capacity of the
__-".' MnO, cathode is .474 ampere-hour per cm’® on internal cell
- —volumes—The electrolyte comprises .66 grams of XOH so—tﬁa't—tht;

wdght ratio of zinc to XoE is 2.3:1.

A AAA alkaline cell made in accordance with the present inventi.
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has an internal volume of 2.84 cu’. The zinc anode cozprizes 2.7
grule::hcctamuyct;.uwwu’ of anode volume.’
The volumetric capacity of the sing inode is .49 ampere-hour per

cu® of internal cell volume. The KnO cathode comprises 4.2 grams

' ' of mdz at a density of 2.99 grams par cmy of cathode volune,

The veolumetric capacity of the MnO, cathode is .548 ampere-hour per

cn® on internal cell volums. The electrolyte comprises .5¢ grans
of KOH so that the weight ratio of Zinc to KOH is 3.2:1.

Cells of each typs ars discharged undsr the following tests. A

sradio® simulation test consists of discharging a cell across 75 ohems

for 4 hours per day. The tot;i number of hours to 0.9 volt is
measured. A conventional AAA cell made as described above provides
64 hours of useful discharge whersas a AAA cell in accordance with
the present invention, as describs above, provides 71 hours, a 11%
improvement. A “photoflash" simulation tast consists of discharging
a cell across 3.6 chns for 15 seconds every minute. The total number

of hours to 0.9 volt is measured, A convantional AAA cell provides
6.12 hours of useful discharge whereas a AM cell in accarélan& with

e e 30~
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EXANPLE 2

mmmﬁmmwwungun
cell made in accordancs with the present invention as compared to a

;cenventional AA size cell,

Amm&muusa.mnnnullm“intmlwlmozsl
czd. The zinc anode comprises 3.5 grams of zinc at a density of
1.4 grams par cu’ of anode velums. The volumetric capacity of the
ginc anode is .476 ampere~hour per cz® of internmal cell volume. The
¥nO, cathode comprises 8.31 grams of Mnd; at a dnasity of 2.55
grams per cms, of cathode volume. The volumetric capacity of the
¥nO, cathode is .507 ampere-hour par cm’ of internal cell
volume. Thes salectrolyte comprises 1.4 qﬁu of XOH sc that the
veight ratio of zinc to KOR is 2.8:1.

A AA alkaline csll made in accordance with the present invention
bas an internal volume of 6 cw’. The zinc anode comprises 3.9
graxs ©f zinc at a dansity of 1.8 grams per oz’ of anode volums.
The volumetric capacity of the zinc anode-—is—533-ampere-hour per
3 of internal cell volume. The MmO, cathode comprises 9.3 grams
of ¥nO, at a density of 2.9 grams par cm, of cathode voluns., The

volumetric capacity of the MnO, cathode is .57 ampere-hour per
e’ on internal cell volume. The elsctrolyte 'eonprilu 1.2% granms
of XOE so that the weight ratio of zinc to XOE is 3.1:2.
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S Calls of each type are discharged under ths following test. A
B “photoflash® simulaticn test consists of discharging a cell across
:I.s chxs for 15 seconds every ainuts. ‘The total number of hours to

'o 9 volt is msasurad. A conventional AA cell provides 5.2 hours of

useful discharge vhereas a AA cell in accordancs with the prasent
inventien provides 11.6 hours, a 26% improvement.

This example demonstrates the improved performance of a C sise
cell made in accordance with the present ifhvention as comparsd to a

conventional C size cell.

A conventional C size alkaline cell has an internal velume of
18.8 cn3. The zinc anode eonprﬁu 10.4 grams of zinc at o density
of 1.4 grams per cu® of anode volume. The volumstric capacity of
,.—-"ﬁ the zinc anode is .45 ampsre~hour per cm® of internal cell volums.
—— The MnO, cathode comprises 25 grams of Mn0, at-a density of 2.6
grans per cm, of cathode volume. The volumatric capacity of the
Mno, cathode is .49 ampere-hour per em’® on internal cell volums. .
The electrolyte comprises 4.3 grams of XOH so that the weight ratio
of zinc to XOH is 2.4:1.
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A C size alkaline cell made in accordance with the prasant
invention has an internal volume of 18.8 ou>. The zinc ancds
coxprisss 12 grams of sinc st a density of 1.6 grams par oa® of
anocde volume. The volumestric capncitf of the zinc anode is .53

,'inp‘:i-hou: per ca? of internal cell volume. The MnO, cathode
comprises 27 grams of MnO, at a density of 2.8 grams per cm, of
cathode volume. The volumetric capacity of the EnO, cathode is .53
an@cre-hhur per cud on intermal cell volums. The slectrolyte
coxprises 4.2 grams of XOH so that the waight ratio at.zinc to KORH is

2.911,

Cells of each typs are discharged undar the following tCest. A
"flashlight” sinmulation test consists of discharging a cell across
3.9 ohns for 4 minutes per hour for eight hours. The total number =
hours to 0.5 volt is measured. A conventicnal € cell made as
described above provides 18.5 hours of useful discharge whoreas a C
cell made in accordance with the present invention, as describe

above, provides 20.7 hours, a 12% improvement.

e e+ e———

EXANPLE 4

This example demonstrates the improved performance of & D size
cell made in accordance with the present invention as compared ¢o a

conventional D size cell.

heet Has Been Re‘laced

\\ll\l\\\lll\\\\\l\\\\ | .



449 6934

4-11-28 18:38 i DURACELL

. "\ &

C U v,
. I

443 B8934;#18/2C

A mf.mu D size alkxaline csll Eas an intermal vﬁll.m of 41

@ ca’. 7The sinc anods comprises 23 grams of zinc at a density of 1.5
grans per cu® of anode voluss. The volumstric capacity of the zine

ancde is .47 ampere=hour per cm’ of internal cell volums. The

mz cathode comprises 53 grans of MnO, at a density of 2.6 grams

per cm, of uathodn volume. The volumetric capacity of the unoz

cathode is .47 m:o-hour per cz’ on internal cell volums. The

electrolyte comprises 9.7 grans of KOE so that the weight ratio of

ginc to XOH is 2.4:1, .

A D size alkaline cell made in accordance with the present
invention has an internal volume of 41 cm’. The ginc anode
comprises 25 grams of sinc at a density of 1.6 grams per cu’ of
anode volume. The volumetris sapacity of the gine ansds is .B
" ampere-hour per cm’ of internal cell volume. The MnO, cathode
comprises 57 grams of MnO, at a density of 2.8 grams per cm, of
cathode volume. The volumetric capacity of the NnO, cathode is .51
ampare-hour per cz® on internal cell volums. The electrolyte
- comprises 8.9 grams of KOH so that the waight ratio of zinc to XOH is
2.951,

Cells of each type are discharged undar the following tast. A
"flaghlight" linulatiaq test consists of discharging a cell across
3.2 chns for 4 minutes per hour for eight hours. The total number of
hours to 0.9 volt is measured, A conventional D cell made as

L) -
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: duczim above provides 20.9 hours of uneful discharge whareas a D
5:,;“ . ocell in accordance with ths present invantion, as describe above,
’ " provides 22.3 hours, a 7% improvement.

¥Whils the previcus sxamples set forth specific features of
alkaline cells made in accordance with the prasent invention they are
intended only as nxailp:lu of the inventica. Various changes can be
made to the cell éomt:uction and components and still remain within
the spirit and scope of the invention as claimed. As used in the
clainms, any referancs to the "zinc capacity™ is based on 0.82
ampsre-hour per gram of zinc and any referance to "MnO, capacity”
is based upon 0.37 ampere-hour per gram of ¥nO,.

-:‘s-

This Sheet Has Been Replaced




449 6934

449 8834;#20/2¢

4-11-88 16:38 ;i DURACELL

heet Has Been Replaced

HIIlI\\ KR

1. A primary electrochemical cell having an anode comprising zine, a
9athod¢ comprising manganese dioxide, and an alkaline electrolyte,

What is claimed is:

! all operatively assocciated within a cylindrical casing sealed at its

cpesn end by a seal member; wherain the inner surfaces of said seal
zenber aﬁd casing define the internal volume of said cell; wherein
the r&.ie‘ of the total capacity of each of the anode and cathode to
the internal volume of the cell each excesds about 0.48 mipere-hour
par cnd of internal volume, and the density of zine in the anode is
at least 1.6 grams per cm’ of anode volume and the density of
manganese dioxide is at least 2.8 grans per cm® of cathode volume.

2. The primary alkaline cell of claim 1 wherein the elsctrolyte
comprises potassium hydroxide (XOH) and tho ratico of the amcunt of
zinc to the ansunt of KOH is at least 2.8 grams of zinc per gram of
XOH.

3. The primary alkaline cell of claim i whersin the electrolyte

ceinprius potasgiun hydroxide (XOH) and the ratic of the amount of

zinc to the amount of XOH is at least 3 grams of zinc per gram of
KOH. |

4. The primary alkaline cell of claim 1 wherein the ratio of the
velunetric capacity of manganess dicxide to the volumetric capacity

A
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5. The primary alkalins cell of claiam 1 wherein the volumstric
capacity of the zinc anode (based en 0.82 A-Hr/gram) and the

1 'volumetric capacity of the manganese dicxide (based on 0.37
A-Hr/gran) each excesds about 0.50 ampere-hour per cm® of internal
volume and the density of zinc in the ancde is at least 1.7 grams per

cud of anode velume and the dsnsity of manganess dicxide is at

of sinc is between about 1:1 to 1.1:1. !unl

. ,,:;;4'5

least 2.9 granms pnr em® of cathode volune.

§. An electrochemical cell having an ancde comprising zine, a
cathode comprising mangansse dioxida, a separator bstween said anocde

and cathode, and an alkalins electrolyte comprising potassium
hydroxide (ROH) all operatively associated within a cylindrical

cpen-ended casing sealed at its open end by a seal mamber, wherein
the inner surfaces of said seal member and casing define the internal
volume of said cell; wherein said cathode is an annular structure
having its outer wall contacting the inner wall of the casing, said
- g separator lines the central cavity of the annular cathodes, and said
zinc anode resides within—the separator lined cavity; wherain the —

internal volume of the cell is g;reater than 16 cm®, the ratio of
the total capacity of each of the anode and cathode to the intsrnil
" volume of the cell sach exceeds about 0.48 ampere-hour par cm® of
internal volume, the density of zinc. in the anode is at least 1.4 °
grams per cm® of anode volume, and the waight ratio of zine to

)V
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7. The electrochemical cell of claizm € whersin the density of
manganese dioxide in the cathode structure is at least 2.8 grams of

'manganess dioxide per ca’ of the cathode volune.

potassium hydroxids is at least 2.8:1. ’“Hl

§. The electrochemical cell of claim € wherein the ratio of the
velumstric capacity of manganess dicxide to the volumetric capacity
of zinc is between about 1:1 ¢to 1.1:1.

9. An electrochemical cell having an anocde comprising zinc, a
cathode comprising manganese dioxide, a ssparator between said ancde
and cathods, and an alkaline electreolyte comprising pota;siun
hydroxide (KCH) all operatively asscciated within a cylindrical
open-ended casing sealed at its cpen end by a seal member, wherein
the inner surfaces of said seal nember and casing define the internal
volume of said cell; whersin said cathode is an annular structure
having its outer wall contacting the inner wall of the casing, said

'scparatcr lines the central cavity of the annular cathode and said

zinc anode resides within the separator lined cavity; wherein the
internal volume of the cell is less than 7 cm®, the ratic of the
total capacity of each of the anode and cathode to the intermal

volupe of the cell each axceeds about 0.5 ampsre-hour per en® of
internal volume, the density of zinc in the anocde is at least i.7
grams per cm® of anode volume, and the weight ratio of zinc to

-1'-
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potassium hydroxide is at lesst 3.1:1.

10. The electrochemical call of clain 9 wharein the density of
BANGaANese dicxide in the cathode structura is at least 2.8 gramzs of

. zanganese dioxide per cu® of the cathods volunme.

11. The slectrochemical cell of claim 9 wherein the ratio of the
volunetric capacity of manganese dioxide to the volumetric capacity

of zinc is betwesn about 1:1 te 1.1:1.

12. A "AA" size alkaline electrochemical cell comprising a cathode
having in excess of 3 ampers hours of mangsness dioxide (based on
.370 ampere~hour per gram), an anods having in excess of 3 aumpers
hours of zinc (based on 0.82 ampere~-hour per gram), and wherein the
MnO, density in the cathode is in excess of 2.75 grams per e’ of

cathode volunme.

13. A "AAA" size alkaline electrochemical cell comprising a cathode
having in excess of 1.3 ampers hours of nmanganess dioxide (based on
.370 ampere-hour per gram),; an anode having inmexcess of 1.3 ampers
hours of zinc (based on 0.82 ampere-hour per gran), and wvherein the
¥nO, density is in excess of 2.8 grams pesr cm® of ‘cathods voluns.

14. A "C" gize alkaline electrochemical cell comprising a cathode
having in excess of 8.5 ampere hours of manganess diocxide (based on

«lQ=
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.370 ampere~-hour per gram), nn'apodo having in excess of 8.5 ampers
,ff’ mat:iac(wnq.um-w:um,mmmm .
: m,dm&tyiathoutboﬁhiacmiuet:.?mmm’ef

’eathodc volume.

, 15. A *D* size alkaline electrochemical cell comprising & cathode
naving in excess of 19 ampere hours of manganess dicxide (bused on
.370 ampete~hour per gram), an ancde having in excess of 19 ampere
hours of zinc (based on 0.82 AUPEFS-hOUr POT GTaR), and whersin the
¥n0, density in the cathode is in excess of 2.7 grams per o’ of

cathode volume.

=20=

* [4 L L s *



