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! The prasent it;vnnttdn relates to an improved primary nuu:tim

"ucctraehuim cell having a zinc ancde and a manganese dioxide

cathode. Nore particularly, the invention concerns an cptinized cel
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 manufacturers to provide the "longest lasting
battery. All battery manufacturars havs boen oparating under the
sane constraint in that the conventional battery sizes, i.e. AAA, AA
€, D and 9V, have besn standardized internationally. Thus, the

volume within such cell sizes_into which the active materials are- —

packed is fixed. The amount of energy available from any given cell
size has a thecretical upper limit which is defined by the intoml
call volune and the practical densities of the call's active
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pair- of rectifying junctions 152 and 154 are 182 and 184, respectively."

The drai.n el ec- f or med ﬁphﬁgen the drain and source regions trode 184

i's Qonnected through an |% respectively and the substrate. The
substrat®** 86 HAN a tESPETYr. 188 to a B + termnal of 5 side of thesé*® 8934i#
di odes opgerates effectively “as a source of bias potenttal (not shown),

whi ch 70 t he anode. . may be the same
source of bias potenti al The drain el ectrode 149 of -transistor 144

Siffietsocf"ri‘ﬁ.wva-eé-t apeoenss b %é?gfaﬁaﬁ%gi. stor 158 s bypaseed by
¥ Each battery sanufacturer, while being limited to the sume
internal velums into vhich the battery active matarials can be
,'packed, uses slightly different proporticns 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
anuuat'cz'zinc, manganese dicxide, graphits, zinc density, cathode
density and cloatrnlyti 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

.ulcct:olyt- quantity in such a way as to provide at least a 10%
pcrtarnanéc 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
20 year period by the competitive forces in the markstplaca.

\ The dilchazqt.rcactien at the zinc anode in an alkaline cell can
- T bawritten ast

zn'-ﬂ? Zn*2 + 20"
2n%2 4+ 208" ~> 200 + H,0
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i ng -an i nductor 156 and a resistor 158 to a a capacitor 200 to grouhd.'”
Since the ter- 10 B + ter ab4mhich is in turn connnected to mnal 183 is
f

not - connected to a source
of blaSA-ﬁbPénvﬁa? t hPVB#Fefrat e of semiconductor potential (not shd%h

itas 75 the positive termnal of a sourceageé#

The resistor 158 is materi al of the insul ated gate fiald effect coupled
t hrough & capacitor 160 to ground. transistor 178 is keft floating. ‘"The
drain electrode 149 is coupled through a The output signals fromthe

first i-f stage 15 coupling capacitor 162 to the converter stage 143 are
coupled to a utilization circuit (not 80

.OI

o=
. "
%

The discharge yeaction at the MnO, cithods can be written as:

2MnD, + 2Hz0 + 20~ = 2WNOOK + 208"

L4
t

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

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

Thus, it can be sean that unt‘r is consumed hy the reaction. One
skilled in the art would expsct that if the amount of active

‘materials in a cell is increased the amcunt of KXOH electrolyte must

be proporﬁiodatnly increased so that snough water is prasent to keeg
the cell from drying out. If an alkaline csll bacomes too dry dus ¢
water depletion the performance of the cell deteriorates. Applicant
have discovered, howaver, that the amount of active materials can be
increased without increasing the amount of agueous KOH electrolyte

avcf that used in conventional cells. In other words, the ratio of

2n/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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141: ° shown) through a capacitor

212. AGC It is to 4é%Wa8erstood that the poling of the (automatic
gai'n copiiodd 18ignal sowbicetr. vary rectifying junctions 152 and 154 ie es34;# 8
repre- "as a funcion of average signal level are ap- -sentative of a

transi stor of the type described plied through a re5|stor 210 to the gate
el ec- 20 in connection with FIGURES 1 and 2 where- trode 180 of the .
transi stor 178. The drain 85 in the substrate is of P-type materi al
relative el ect regifpdiiial A XalN Tellsl Gompriseua-gelled simssamode and
drain.el ectrodes. However, led to the termnal S[err] of the transistor

144 8 mixture, The mixture ccaprises individual zinc metal particles, a
' gelling agent, an amount of alkaline alectrolyts, 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-ionie.surfactanﬁs., See for exazmple U.S. patent Nos. s,lss,o;s:
4,935,048; 4,500,614; 3,963,520;7 4,963,447; 4,455,358; 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. For 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
graxm). Similarly, the volumstric capacity of gzinc anodes in AAA siz
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 fro:
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the transi stor device can be fabricated where to apply an AGC voltage to
the r-f ;anplifier t he iﬁ?%%@te Is of NNtype material relative stage
136 by a conductor 214 whi ¢’ con- 25 to the source and drain el ect rodeS,oaa. s
In de- Hect¥d t'd® he PYHEton between the inductor 90 . vices of the ™ '
latter type the rectifying junc- 186 and the resistor‘188. tions woul d

be oppositely pol ed such that The AGC signals which-are derived from-

t he anode side of the rectifying junction ap- any suitable source, (not

Shoun) oo OTe g GRS RS YA clheSbEAA 1601 SO0 BiShs of other
& gsizes ave made within varying ranges of the other parsmeters
- b eratn. o ,
, " tne present invention is based on-the discovery that the capaci
| 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 viev through an alkaline cell made

accordance with the present invention.

- Cylindrical cell 10 ccmprises 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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30 the cathode side of these junctions appears crease the source-drain

current ‘of the tran- 95 44%693he substrate el ectrode. The description

si st'or Lk7Bi-sangk:tder elypreedice its gain. The hereinwi || be restrict ees te@as;#1.
the type of device potentital of the junction between resistor 188

described in connection with FIGURES 1 and inductor 186 becones nore

positive as
current of the transistor 178 de- 35 P—type material relative to the source

and
Thi s

woul d’

Wi’

and 2 wherein the substrate eletcrode i's of the drain

o Rl SRSHE/LROuAF A e My Chcbinasiesviodgine,

and slectrolyts.

Cell 10 further comprisas separator 18 which lines the inner

'qurfaces of annular cathods 16. Separater 18 can be any of the well

known ssparator materials such as celluloss or rayon.

Anode mixturs 20 is located within the separator lined cavity.

Anode mixture 20 as dispensed comprises zimc particles, alkuline

elactrolyte, a gelling agent, and one or more gassing inhibitors suc
as the ones described above. Generally, the gine and alkaline
electrolyte togethar comprise up to about 56§, and more preferably u

| 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 call 10. Mdit.tonau.y, an amount
of alkaline -loct:olytc. is added to the cell which bscomes
distributed throughout the ancde, cathode, and separator.
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materiral s which were N-type but P-type rela- isolating resistor can be
connected in series ti¥é3 6834 he nore heavily doped (N+) type with the

conduct 0¢-:21dk 18:38SOULsRagEXd. drai n. When s«hess34;#1
potential at the terminal Sferr] be- 40 | nput signals™are coupled from a
signal cones nore positive than the potential of 105 - source (not shown)

t hrough a coupling capa- the source and drain eletcrodes 148 and 149,
citor 166 to the gate el ectrode 147 of the rectifying junctions 154 and
152 are respec-- field effect transistor 144. A variable capa- Ilively
rendered conductive. \Wen the poten-

gt The present invention is based on the discovery that less XoH

' electrolyte relative to the amount of ginc can be employed and still
obtain efficient dischargs (this is contrary to leng held beliefs ir

'tne battary industry that the electrolyte smount could not be lovers
1¢ mors active materials arve used). As a result, the density of the
‘zinc in the anode structure can be increasad. Preferably, the waigh
ratio of £inc to KOH is at least 2.8:1, and more preferably at least
3:1. Such increased weight ratios of 2n/R0H 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 alkalini uclis (ax much as
12% by waight in some cell gizes) as well as the density of Mno, in

Ly L
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ci.tor 168 is connected between the drain tial at the termnal Serr],

becones nore positive 45 d#eéBibde and the gate el ectrode of the field

t han’ t hespatenteals at ;biracswaur ce el ectrode 148, 110 ef fect transi stores esss;#1
144 to pr.ovide neutraliza-"the rectifying junction 154-is rendered con-

tion in the manner described in connection ductive, thus increasing the
current flow wth FIGURES 6 and 7. The source elec- through the y
resistor 170. However, the rela- trode 148 is coupl ed through a resistor

170 “tive bi aghe claithpde wtracturec (ont thel erden it T3 oy hMsd gradisc pasucnd of
el ectrode circuit is 147 and the source el ectrode 148 remains the 115

;.j' cathode volume) vas to help improve the cathode efficiency.
Thersfors, in sccordance with the present invention less conductive

agent is provided in the cathode wharsby the amount of MnO, can be
,'iﬁcrnaacd. 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 cathods versus a cenventional 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 =p’. and more preferably at icast 6.5 ampare-hour
‘per cn®. The density of the MnO, is also lhifher than that
conventionally used and is pritcrably at lgast 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, iuwnrlc 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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bypassed to ground for S|gnal frequencies by sane because the gate

electrode is referred ?ﬁpass capacitor 172 which is connected to

the. source, sJeggfgde t&ﬁg Q e resistor across the resistor 170. 48 goaq;s1
capaC|tor 178 7 gs the termnal S, to ground. A resistor

When the potential of the tern1na| S[err], be- 55 174 i's'.coupl ed between -

the gate el ectrode . comes nore positive than the potential at the 120

147 and the source electrode 148 in order to drain electrode 149, then the

rectifying | Unegery’ ShehRASCehiE VRIEH" 15 e i iy Uehlazidirly @Pallinle

is rendered c

4 alkaline batteries.
The features and adwuntnqcl.ez thciprmlcnt invention will now b
. 'demonstrated in the following examples.

EXAMPLE 1

This example demonstrates the improved parforzance of & AAA sis
cell made in accordance with the present inventicn as compared to a

conventional AAA sise cell.

A conventicnal AAA size alkaline 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 2.38
grams pﬁr cm, of cathode volume. The voiunntric'quacity of the
_7:' MnO, cathode is .474 ampere-hour per em® on internal cell

- —voluse:—The electrolyte couprises .66 grams of KO so—tﬁat—tht;——¥
weight ratio of zinc to XOE is 2.3:1.

A AAA alkaline cell made in accordance with the present invaned.
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147-to the potential at th rce el ectrode ductlon of the rectifying
junction 152 ef fec- 1ﬁ$$6§?

connects-ithes dsaien elieeacBide 149 to 60 The out put of the converter §F5dg%4#l*
141 is ground for signal fkéquenci es through the 125 ¢ .coupl ed by neans

of a coupling capacitor rectifying junctions 152 and 154 and t he 176 to

the input of the first i-f stage 143. The capacitor 173 'whereby the gain

of the r-f first i-f stage conprises an |nirlated gate lifier stage
i s reduced. pagdig drtdrnul volumesofr 2188 OB m& W7

shows a signal translating cir- _ 3
-_.;,:;- grulet:hcctam:.tyctz.vtgtmwu of anode volume.
: The volumetric capacity of the sinc énode is .49 ampere-hour per
cxd of internal cell volums. The MnO, cathode comprises 4.2 grams
, ";2 undz at a density of 2.99 grans par cm; of cathode voluue.

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® simulatiocn test consists of discharging a cell across 75 ol
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 dischargin
a cell across 3.6 chns for 15 seconds every minute. The total numkx

of hours to 0.9 volt is measured, A convantional AAA cell provides
- 6.12 hours of useful discharge whereas a AAA cell in accordance witl

i 30~
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65 effect transistor 144. The transistor 178 in- cuit in the formof an
r-f anplifier stage 136 434306934

4-11-£8 18:38 :DURACELQ_

448 BB34;#1E

EXANPLE 2

mmmﬁmmwwungun
cell made in accordancs with the present invention as compared to a
;cenventional AA size cell,

A conventional AA size alkaline cell has an internal velume of ¢
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 inventic:
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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6 - 1, 075, 092 which is simlar
to.the  r-f anpli- pli#d%édQircuit are derived across the resistor

fier stage:sldfssdespgurhed, in connec- 230, and a capacitor 234 coupkessesasi#i
t he out put tion with FIGXRE 8. The elenents in the r=4 signals to an
utilizatiéen circuit (not shown). anplifier stage 136 . “whi.ch are
substantially As previously described in reference to"

S Calls of each type are discharged under ths following test. A

photoflash® simulaticn test consists of discharging a cell across
:I.s chxs for 15 seconds every ainuts. ‘The total number of hours teo
1'0.9 volt is msasursad. A coenventional 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 ihvention as compared 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 grans of zinc at a 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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5 the sane as the el errents of the r-f anplifier FIGURES 1, 2, 8 and 9 the
source gnd drain 70 @ge@ 6 of FIGURE 8 are identified by the regions
S and D, shown in Fl GURE same nunerals. The nmain difference

bet ween 4- topedet i +) AYHPhe .substrate of silicon t he..stages 136 an
136' is the biasing of the body 12 is effectively doped. (N so that a
gate el ectrodes 147 and 147' respectively. pair of rectifying junctions
are formed be- 10 In the r-f anplifier stage 136" the gate elec- tween the

ST 5 ik S et S, b S0t
L inventicn bas 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 MnO, cathode is .5:
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 KOH

649 B934 #17

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. ' |
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to a point of bias potential shown as ground. tions 236 and 238, shown in

FI GURE 10, are As sd¢n4Rid evel increases, the feedback connected to
ground ._.;v@l t&age appbimdzan conductor 214" to the ter- The source 448 8234;#18,
el ectrode 224 i s tonnected fo-15 mnal Slerr]' of the thel d effect.

transistor 144 ground through a resistor 240 in order t'o 80 becones

more positive. Wien the potential provide self bias for the anplifier -
circuit. The of terminal S[err]' of the field effect transistor

resistor 240 is oraveitichali e ise Wikiline cilY' BAF EEREErIAY VEline of 4

than the bias bypass capacitor 244. As the current flows

&r ca’. 7The sinc anods comprises 23 grams of zinc at a density of 1.5

grans par cn’ of anode volums. The volumetric capacity of the sinc
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 cw’. The ginc anode

comprises 25 grams of zinc at a density of 1.6 grams per cm® 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 XOH so that the waight ratio of zinc to XOHE i
2.981,

Cells of each type are discharged undar the following tast. A
"flaghlight" linulatiaq test consists of discharging a cell across
3.2 chzs for 4 minutes per hour for eight hours. The total number o
hours to 0.9 volt is measured, A conventional D cell made as
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potential of the source electrode 148 the from the drain el ectrode 226
t'hrough the 20 rectifyind4y ®8& ion 154' is rendered conduc- conductive

channel .24238 tha@ssour;seraekmct r ode 85 tive, which in turn increases 448ee934;#18.
amount of , 224, and the resi¥tor 240 to ground, the LUl rent fl ow t hrough

the self b|a5|ng resistor potential at the source el ectiode 224 becones

170'. . Since the voltage across the resistor positive with respect to

ground and t hus .170" appears between the source and gate back biases

the rectifyi na.h&ahhanﬂﬁﬁu {des| 209 Qitncrs of- usetudt Bigcharge whateas a D
tran- capacitance of the rectifying junction 236 is 90

e . ocell in accordance with ths present invantion, as describe above,
o 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 a:
intended only as nxailp:lu of the inventica. Various changes can be
made to the cell éomt:uction and components and still remain withi:
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-
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s[s{of ts changed due togsjheepdded current reduced which reduces the total
out put capa-, &qgronyggngﬁptlfying junction 154'. Wien the citance ofsstéem4;#20
field efféc ttansi stor 220 and bi as potential between the source and

gate hence the high frequency response character-"""""€l ectrodes reaches a

presel ected value the istic of the anplifier i SpisRdeONRBeenHapladed el d

transistor 144" is rendered substantially WHAT . '
95 non- conducti ve. _ m conduct or
device with gnatbis claibédafwi her enbodi nent of fon strate of

sem conductive material having a

™
el
3

1. A primary electrochemical cell having an anode comprising sine,
cathods comprising manganese dioxide, and an alkaline electrolyte,

,“311 operatively associated 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 rﬁtie‘ez the total capacity of each of the anode and cathode to
the internal volume of the cell each excesds about 0.48 ampere-hour
par cn® of internal volume, and the density of zinc 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 amcunt 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
comprises potassium hydroxide (XOH) and the ratio 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




the- gate el ectrode 147' may be biased at a first conductivity, said

substrate having two fi%(ebg ﬁi as potential other than ground such mgjor
surfaces, spaced drain ﬁﬂ 6 rce 35 as to a fixed positive potenti al 342
rel ati vetto®® fegifons (BY3*&RYed on one of said major sur-.100 gr ound, *4°n®® izl
such case;, nore current through faces of said substrate defining the énds

of the rectifying junction 154" nmay be required a CONgldQhdeMBas BBRARRRhced

in said one major sur- to cut off the transistor 144'. WHI"" I““HIHHme

said drain and_soyrce ' | Olklaqt he r-f a i

136 and 136' °8ha§ﬂ§| ﬁiﬂhﬁgﬁf% gh‘ta rttaqs:is,'{ll'\}i'ty from ‘
o

5. The primary alkalins cell of claiam 1 wherein the volumstric
capacity of the zinc anode (based on 0.32 A-Hr/gram) and the

,! ';ehmctric capacity of the manganase dioxide (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 p

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

least 2.9 granms pnr em® of cathode volune.

§. An electrochemical cell having an ancde comprising zine, a
cathode comprising banganase dioxida, a separator between said anod
and cathode, and an alkaline electrolyte comprising petassium
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 nember and casing define the intern
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 anoda is at least 1.4 ~
grams per cm® of anode volume, and the waight ratio of zine to

)V

* [ L ] ] *



40-shown i'n FIGURES 8 and 9 respectively and or of opposite conductivity

type to said 105 have‘H@ &gjlt In voltage delay feature in addi-

substrate, said drain atd rce regions tion to the AGC feature . ... .00,
descri bedi-mboveess ef fr8e¢Rke]| y,  form ng respective rectifying The '
voltage delay in the circuit shown in junctions with Said substrate, a— -
gate region FIGURE 8 is the voltage required at the-: Es%geetﬁ&rﬁgnﬁﬁlaced

insulating material and ex- 45 terminal S[err], required
bias tending over at least a portion of sajd chan- 110 D’ﬁﬂglﬂﬁlﬂ“ Ee

draj n’ el ect rpoeassfum hydvoxids is:(at deastdi2aBFdr surface
Ssubstrat e,
I . |
7. The electrochemical csll of claiz € vherain the density of
manganese dicxide in the cathode st:ucth:n is at least 2.8 grams of
'manganess dioxide per ca’ of the cathode volums.
§. The electrochemical cell of claim € wherein the ratio of the
velumstric capacity of manganess dicxide to the volumetric capacity

of zine is between about 1:1 to 1.1:1.

9. An electrochemical cell having an anocde comprising zinc, a
cathods coxprising manganess dicxide, a separator bctwecp said anode
and cathode, and an alkaline electrolyte comprising potassium
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 interna
volume of said cell; wherein said cathode is an annular structurs
having its outer wall contacting the inner wall of the casing, said
- .scpnratcr lines the central cavity of the annular cathode and said

zinc anode resides within the separator lined cavity:; vwhersin 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 fl..'l
grams per cm® of anode volume, and the weight ratio of zinc to

-1'-
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t he i'npedance of the rectifying junction 152. electrodes™ Tespectively
arranged on said I'n4ahegdGircuit shown i fniEbfebiehs Been REFac¥P! t- SOUrcCe.

drai-n apd 1g@at €s I £01 ONgy@aRd.adapt ed age del red vol t agessabes4;#23
t he S[err'] to have current~flowing in said amuﬂm H"HE termnal to
chandge tRe inpedance of the a di fference of plied between

115 rectifying junction 154. said source and drain
el ectrodes with no © Referring nowto FIGURE 10, there is charge being

Phe form  orPuiudflal pEai 1p a¥'24el 3805, | Tansiating clreuit in
W | . - |
' 10. The electrochemical csll of claim 9 wharein the density of
RANGANess dicxide in the cathode structurs is at least 2.8 grams of
K ;nmuc dioxide per cm® of the cathods volume.

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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of a high frequency anplifier circuit com neans arranged on sar d ot her

maj or surface 55 prising &9 §¥J4d ef fect trang FtHBs’Z@eeJn of said
substrate;i-gs 18:38 i DURACELL, 120 gate a source 449 B934;#2-
el ectrode’ 224, 2. A signaltranslating ci r a drain

el ectrode 226, and a substrate of a sem conductor ev s clained in

dam sem conductor material. 227. The gate and 1 and I ncl udi ng neans
connecting said gate drain el ectrodes 222 and 226 are respectively

source and drain el ectrodes as _a si t Sksto
228 and 230 +370cABPREPT G Paf rithy 4 Hibaa ey 330 1n WBHAR B2°0ZE hipere
jf'f hours of sinc (based on 0.82 ampere~hour par gram), and wherein the
m,dm&tyiathoutbo&hiamet:.?mmm’e!

’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.
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sired-bias potentials by a source of bias
potenti al { 08 ﬁhown)
translation of said circu 43
hg citcuit including a
sem - conduct or device as clai ned!

control the

3. A sidgnal % triist ati
froma sitgnal source
shown) .
bei ng of 130

CURACELL

The output signals of the am

potential to
| nput signals are

sai d substrate to
ef ficiency of
coupled to the gate el ectrode 222 thro
a couplupq capacitor 23
G aim65 (not

gggl 6934;#2.

1. said drain and source regi ons -

The present invention is an improved zlkaline cell vherein the
capacity of each of the anode and cathode is at least 0.48 and more

prafarably to at least 0.5 ampere~hour per ex? of internal cell
This is achievad by employing zinc densities of at least 1.
granms of zinc per em® of ancde volume and MnO, densities of at

volunme.

least 2.7 grans of MnO, par cm® of cathode voluma.

This Sheet Has Been Rerlaced
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6 , 1. 075, 092 which is simlar
to the r-f., anpli- plifier circuit are derived across the resistor

fier stage 136 described in connec- 230, and a capacitor 234 couples
t he out put tion with FIGURE 8. The elenents in the r-f signals to an
utilization circuit (not shown). anplifier stage 136" which are

substantially As previously described in reference to 5 the sane _as.the
elements of the r-f anplifier FIGURES 1, 2, 8 anﬂ 9 &he &@ﬂvtﬁ aﬂﬂ*dmalnuf

ket s A SATE O 0
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The presant invention relates to an izproved primary alkaline
slsctrochezical cell having a zinc anode and a manganese dioxide
cathode. More particularly, the inventien concerns an ocptinized cell
which provides up to a 10t increase in cell performance under the
conmon discharge tests. |

Ve

Alkaline calls having zinc anodes and manganess dioxide

containing cathodes hava beah ccmmarcially availabla for sver 20
’ years. Thus, the cells can be considered o bs a maturs product in
that the performance characteristics of such calls, p:icz' to the
present invention, have bean naxiaiacd hy the competition among the
major alkaline bnttc:y nanutactu:arl tu pruvidc the "longest lasting®
battery. All battcry nanu:actu:'ri have baen operating under the
3 sanme constraint in that the conventional battery sizes, i.e. AMA, M.
2 ¢, D and 9V, have been standardized internationally. Thus, the

. volume within such cell sizes. inte which.the active materials-are
packed is fixed. The amount of -ac:gy available frox any given call
size has a theoretical upper 1init which is definsd by the iatntnal

cell volume and the practical densities of the cell's activc

This tne.cpbcemenz-“~
This Sheet Has Been Replaced
- 7 JAN 1897
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st age 136 of FIGURE 8 are identified by the regions S and D, shown in

FI GURE 2, are sane nunerals. The main difference between doped (N +)
and the substrate of silicon the stages 136 and 136" is the biasing of
the - body 12 is effectively doped (N) so that~a - gate—---el ectrodes 147 and

147

respec-
substrate
gr ound.

respectively. pair of rectifying junctiopg

r-f anplifier stage 136" the gate elec- tween t ﬁkg}h ¢Yr ai n regi ons
75 trode 146' is coupled through ar Lvely and the
. The rectifying junc- to a point o shown as

tions 236 and 238, shown in Fl GURE 10, are

rred be- 10 In the

coxponents that are exployed.

4

Each battary manufactursr, while being limited to the same
internal velums intc which ths battary active zaterisls can be

,W, uses slightly different proportions in the amounts of active
paterials and electrolyte as compared to the other battery

panufacturers. Thus, betwaen the high and the low limits in the
amount of zinc, manganess dicxide, graphits, zinc density, cathode

density and eslectrolyts used by all of the battery manufacturers

there is almost an infinite number of permutations possible.
Applicants have discovarsd that it is possible to balance the zinc
quantity, zinc density, MnO, gquantity, Mn0, density, and

| slectrolyte quantity in such a way as to provide at least a 10%

performance izproverant over the bast performing conventional
alkaline battaries. This is a significant achievemant, and guite

unexpected, for a product whose performance has been cptimized over a

20 ya#r pcridd by 'Ehc ccapcﬁitivo forces in the marketplaca.

The discha,q. -:..ct.‘.en_ at the zinc ancde in an alkaline cell can
ba written as: "~ —— — : A

zn ~> 2n*? 4+ 29"
2072 + 20K” ~> 2n0 + E,0
Thie is the replacement sheet
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As signal |evel increases, the feedback connected to ground vol t age
applied on conductor 214' to the ter- The source el ectrode 224 is
connected to 15 mnal S[err]' of the field effect transistor 144" ground
through a resistor 240 in order to ‘80 beconmes nore positive. Wien the
potential provide self bias for the anplifier circuit. The of term nal
S[err]" of the field effect transistor resistor 240 is connected in
parallel with a 144" becones nore positive than the bias bypass
capacitor 244. As the current flows potential of the source el ectrode
148" the from the drain electrode 226 through the

af The discharge reaction at ths MnO, cathods can bs written as:

N

2Mn0, + 2Ey0 + 2¢ —*P 2MnOOE + 208~

The net cell reaction is given by the addition of these thrae

reactions:
Zn + 28302 +830-d’ Znd + 2Mn00K

Thug, it can ba sasn that uat‘: is consumed hg tha raaction. One
skilled in the art would expect that if the amount of active
‘materials in a cell is increased the amcunt of KOE electrolyte must
be proportionately increased so that enough water is present to kesp
the cell from drying out. If an alkXaline cell bacomes too dry due ¢o
water deplc;ion the performance of the cell deteriorates. Applicants

have discoverad, however, that the amount of active materials can be

et

increased without increasing the amount of aguesis XOH elecirolyte

- ovef that used in conventional cells. In other words, the ratio of

2n/KOH (assuming a constant molarity of KOH electrolyte) can be
increased over conventional ratics without affecting cell

performance, This is discussed in graater detail below.

T Tais is e replacement sheet
This Sheet Has Been Replaced
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20 Leétifying junction 154" is rendered conduc- conductive channel 242,

the source el ectrode 85 tive, which in turn increases the anmount of

224, and the resistor 240 to ground, the current flow through the self
bi asing resistor potential at the source el ectrode 224 becones 170
Since the voltage across the resistor positive wth respect to ground and
t hus 170" appears between the source and gate back biases the -
rectifying junction 236. The 25 el ectrodes, the operating point of the
tran- capacitance of the rectifying junction 236 is 90 sister is

changed due to the added current reduced which reduces the total output
capa- -

4

- convanticnal alkaline cells comprise # galled zinc anode
aixture., Ths mixture cupruu individual zinc metal particles, a
9011151 agent, an amount of alkaline electrolyts, and minor amcunts
of other additives such as gassing inhibitors. A cezmon gelling

,’:écnt is a carboxymethycelluless type such as Carbopol 940. Non-

limiting examples of gassing inhibitors inslude inorganic additives
such as indium, bismuth, tin and lead and organic inhibitors such as

LY

phosphats’ esters such as RA600 (made by GAF) and anionic and
non-ionic'aur!actants.‘ See for exanmple U.5. patent XNes. 5,168,018;
4,939,048; 4,500,614; 3,963,520; 4,963,447; 4,455,358; and 4,195;120
for exarples of various anodn'nixtuzns known in the art.

Samel

. Ragardless ot.thc particular anode mixture empleyed by a battary
manufacturer the azmount of zinc metal for a given cell sizs (as well
as the other paraumeters discussed hcrain) falls within a spncitie
rangc. PFor conventional AAA -izc cells it zay range from 1.3 to 1.6
grazs or 1.07 to 1.31 ampers~hours (based on 0.82 aumpere-hour per
-} gram). Similarly, the volumetric capacity of zinc anodes in AAA size
;ﬂ cells (determined by dividing the capacity of zinc by the total

internal volums of the ssaled cell) may range. from .3B85_ . to .452
ampere-hour per cm® of total internal cell volume. If zinc is the

limiting electrode (versus the cathode) tha foregoing values
‘rupr:sent the maxirzum clpac;ty and veoluwetrie capacity available from

This Sheet Has Been Replaced _ This is the re-piacemem sheet

[HNH || s = T 1N 65




fromthe rectifying junction 154'. When the citance of the field effect
transi stor 220 and bi as potential between the source and gate hence the
hi gh frequency response character- el ectrodes reaches a presel ected
value the istic of the anplifier is inproved. 30 field transistor 144" is
rendered substantially WHAT WE CLAIM 1S 95

non- conducti ve. 1. A sem conductor device
with a sub- | n anot her enbodi ment of the invention strate. of.

sem conductive material having a the gate eIeCfTode 147" may be biased
at a first conductivity, said substrate having etHasBeenReilaced

N MR

_ the cell. Sinilarly, typical commarcially available cells of other
gﬁ sizes are made within varying ranges of the cther parsmeters
* discussed harein. o ’

' ' he present invention is based on the discovery that the capacity
of each slectrods can be increassd to at least 0.48 and mors

praferably to at least 0.5 azpere-hour per cnd of internal cell
volume without increasing the amount of electrolyte. 'mﬁis is
achisved by smploying zinc densities of at least 1.4 grams of zinc
per cu’ of anode volume and MnO, densities of at least 2.7 grams

Vet

of Mno, per cz® of cathode volume.

The features and advantages é; the present invention will now be
described in referance to the figure in which:

Fig. 1 is a cross secticnal view through an alkaline cell made in

accordance with the presant invantion.

,—; Cylindrical cell 10 comprises casing 12 closed at its cpen end by

—————geainexber 14 being crinped"tn‘phca.—~:- Cathode 16 is anannular——
:trgcture as shown vharsin the outer surface of sald cathode contacts
the inner surface of fhe casing making electrical contact thersto.
éathodc 16 is formed by stacking cathode pellets 16a as shown. Each

This is the replacement sheet
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fi xed bias potential other than ground such mmjor surfaces, spaced drain
and source 35 as to a fixed positive petential relative to regions

arranged on one of said major sur- 100 ground. an such case, nore
current through faces of said substrate defining the ends of t he
rectifying junction 154" may be required a conductive channel in said one
maj or sur- to cut off the transistor 144'. face. said drain
and source regions and said Both the r-f anplifier stages 136 and 136

channel being of different resistivity from40 shown in FIGURES 8 and 9
respectively and or of opposite conductivity type to said 105

. cathode pellet is zmade from a mixturs of MnOp, a conductive agant,
oyt 0 and electrolyts.

_ Call 10 further comprisas separator 18 vhich lines the inner
,';urzac-s of annular cathode 16. Ssparator 18 can be any of the well
known separator materials such as cellulosa or rayen.

Anode nmixture 20 is located within the separator lined cavity.
Anodc pixture 20 as dispansed comprises zinc particlaes, alkaline
eslectrolyts, a gealling agent, and cnpe or mors gassing inhibitors such
as the ones dascribed abova. Gcnertlly, the zinec and alkaline

Yo’

electrolyte together comprise up ¢o about 96%, and more preferably up-
.to about 98% by weight of the mixture. Tha gelling agent comprises
up to about 3%, and mors preferably up to about 1% by weight of the
mixture and ‘the gassing inhibitors comprising up to about 1% by

weight of the mixture.

Anode collector 22 passes through seal member 14 and into anode
- zixture 20 as shown. The uppsr end of anode collector 22 is

-.——gonnected-tc negative end cap 24 -as-shown, which-end-cap-serves-as

the negative external terminal of cell 10. Additionally, an amount
of alkaline electrolyte is added to the cell which becomes
distributed throughout the anode, cathode, and separator.

LT
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have a built in voltage delay feature in addi- substrate, said drain and

source regions tion to the AGC feature descri bed above. effectively
form ng respective rectifying The voltage delay in the circuit shown
in “junctions with said substrate, a gate region FIGURE 8 is the voltage

required at the being fornmed of insulating material and ex- 45 term nal
S[err] required to overcone the bias tending over at |east a portion of
said chan- 110 voltage at the drain electrode 149 to change nel in said
maj or surface of said substrate, t he i npedance of the rectifying
junction 152. electrodes respectively arranged on said

A The presant inventiocn is based cn the discovery that less XOH
' electrolyte relative to ths anount of ginc can be expleyed und still

obtain efficient dischargs (this is contrary to long hald beliefs in
_'the battery industry that the electrolyta amocunt could not be lowerad

if more active materials ave used). As a result, the density of the
.zinc in the anode structurs can be increassd. Preferably, the weight
ratic of zinc to XOE is at 1‘ast 2.8:1, and more praferably at least
3:1. Such increased weight ratics af 2n/KOE results in a density of
ziné in the ancde volume of at least 1.4, more preferadbly at least
1.6, and most preferably at h.ast 1.7 grans of zinc per cu® of

ancde volume. With mére zinc added to the anods versus a
‘canvcntional cell it is possible, regardlesns of cell size, to have
the ratics of the capacity of the zinc anode to the internal volume
ot thc_can'at least as high as 0.48 ampers-hour per cu, md. iorc
preferably at least 0.5 ampere-hour per cm®.

3 The improvemant in discharge efficiency of the zinc anode
resulting from a more dense anods led to the further discovery that
the prior belief that the cathdde—inezziciuncy—wu—tha—&nimnt
factor in overall cell performance was incorrect. The amount of
conductive agent provided in conventional ulkalin'- cells (as much as

12% by waight in sone c.n sizes) as wall az tha density of MnO, in

heet Has Been Replaced This is the replacement sheet
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In the circuit shown in FIGURE 9, the volt- source. drain and gate regions

and adapt ed age delay is the required voltage at the S[err]' to have
current flowng in said channel when 50 term nal to change the inpedance of
the a difference of potential is applied between 115 rectifying
junction 154'. . said source and drain el ectrodes with no
Referring now to FIGURE 10, there is charge being present fromsaid gate
el ectrode shown a signal translating circuit inthe form or gate
region, and el ectrical connecting of a high frequency amplifier circuit

com - neans arranged on said other major surface

ot
[+

_ the cathode structurs (on the order of 2.3 £0 2.75 grans per om® of
i cathods volume) was to balp improve the cathode efficiency.
Thersfors, in accordanoce with ths present invention less condustive
sgent is provided in the cathods wharsby ths amount of MnO, can be
,'W. Thus, the MnO, capacity can be kept in relative balance
, with the increased zinc capacity. Freferably, the ratio of the
¥no, capacity to ths zinc_ capacity is betwsen 0.95:1 to 1.1!1, and
more preferably is betwesn 2:1 and 1.1l1. With more MnO, added to

[

the cathode versus a conventional cell it is possible, regardless of
call size, to have the ratios of ths capasity of the MnO, cathode
to the intarnal voluns of the 'cau at least as high as 0.48
ampere-hour per ew’, and more preferably at least 0.5 ampare-hour
- par ez, The density of the MnO, is also MM than that
conventionally used and is ;r-tcrabzy at laast 2.7, and more
preferably &t least 2.8 grams of MnO, psr =n’ of cathode volume,

_ sﬁn batt.uz-y ﬁnutncturits have amployed a high density anode

3 similar to the ancde of the present invention, but they have not
correspondingly alsc lowersd the azount of slectrolyte, lmmnd the

—_— apount of conductive agent in the cathode, and_increased the_amount
of MnC,. Thus, the specific combination of cell parameters
enconpassad by the appended claims have not previously bsen combined

vhareby the call performance rsalized by the present invention

This Sheet Has Been Replaced This is the replacement sie
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55 prising a field effect transistor 220 having a of said substrate.

120 gate el ectrode 222, a source electrode 24, 2. A signal
translating circuit including a drain electrode 226, and a substrate of
a seni conductor device as clainmed in Caim sem conductor material 227.
The gate and 1 and includi ng neans connecting said gate drain

el ectrodes 222 and 226 are respectively source and drain el ectrodes as _a
signal trans- 60 biased through resistors 228 and 230 to de- lating
circuit, and neans for applying a 125 sired bias potentials by a source
of ‘bi as potential to said substrate to control the

qr;atly exceeds that which is cbtainable by ==nnn:c1u11§ available
i alkaline battaries.

The featurass and advantnqu' of the 'munt invention will now be
'demonstrated in the following exazples.

ZXANPLE 1

This example demcnstrates the izproved performance of & AAA size
cell made in accordance with the present invention as compzred to a

corventional AAA sisze cell.

A conventional AAA size alkaline cell has an internal velune of
2.84 cx?. The zinc anodo'conpriics 1.5 grans of zinc at a density
of 1.24 grnim per ca’ of anode velume. The volumstric capacity of
the zinc anode is .435 ampere-hour per cn® of internal cell volume.
The MnO, cathode comprises 3.6 grams of MmO, at a density of 2.58
grans pﬁr cm, of cathode volume. The volumstric capacity ¢f the
_7:. MnO, cethode is .474 ampere-hour per e=® on internal cell

--voiume. -The electrolytecomprises—66-grans—of XOH so that thc‘
weight ratio of zinc to XOH is 2.3:1.

A AAA alkaline coll mado in nccordancn with the pressnt invention

is Sheet Has Been Re laced This is the replacement sheet
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potential (not shown). Input signals are efficiency of translation of
said circuit. coupled to the gate el ectrode 222 through 3. A
signal translating circuit including a a coupling capacitor 232 froma
signal source sem -conductor device as clainmed in Caim65 (not shown).
The out put signals of the am 1. said drain and source regions being of
130

has an internal volume of 2.84 cz’. Ths zinc anods comprises 1.7

ad grans of zinc at a demsity of 1.74 grams par ca’ of anode volume.’
y !hcvolu-tzie‘umityotm:&neinmu.u ampears=hocur per
cm® of internal cell velunms. The MnO, cathode comprises 4.2 grams
,";2 xndz at a density of 2.99 grams per cm, of cathode volune.

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

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

Cells of each type are discharged undar the following tests. A
sradic® simulation test consists of discharging a cell across 75 ohms
for 4 hours per day. The total mumber of hours to 0.9 volt is
measured. A conventional AAA cell zade as described above provides
64 hours of useful discharge whereas a AAA cell in accordance with
the present invention, as describe above, provides 71 hours, a 11%
improvement. A "photoflash” simulation test consists of discharging
a cell across 3.6 chms for 15 seconds every minute. The total number

3 of hours to 0.9 velt is measured. A convantional AAA cell provides
- 6.12 hours of useful dischargs whersas a AAA cell in acca:.dlanc.c with
the present invention provides €.47 hours, a 6% improvement.

This Sheet Has Been Replaced - Thiz is the e replacement sheet
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1,075, 092 7 negative
conductivity type, said gate elect- and second sem conductor devices to
each

Has Been Replaced

S

mmmmthhpmlpct&nm-o:ngsao
o call made in accordancs with the present invention as coumpared to a
'émmtiml AA size call.

A conventicnal AA size alkalins cell has an intsrnal veclume of 6
czS. Ths ginc ancde comprises 3.5 grams of zinc at a density of
1.4 grams per cu’ of anode volums, The volumetric capacity of the
ginc anode is .476 azpsrs-hour per cw® of interpal cell volume. The
MnO, cathode cozprises 8.31 grams of MnO, at a amity of 2.55
grans per Chq ©f cathods volume. The volumetric capacity of the
¥nO, cathode is .507 azmpere-hour par cm’of internal cell
voluze. The alactrolyte comprises 1.4 gr;as of XOE so that the
veight ratio of zinc to KCH is 2.,5_:1.‘

A AA alkaline cell made in accordance with the present invention
has an internal velume of 6 u’.. The zinc anods comprises 3.9
- grams of zinc at a dansity of 1.8 grams par cz® of anode volume.

—~ — . The volumatric capacity-of-the-zinc anode is .3533 ampere-hour per
cz® of internal cell volums. The MnO, cathode comprises 9.3 grams
of MnO, at a density of 2.9 grams per cu; of cathode volums. The
volumetric capacity of the MnO, cathode is .57 ampere-hour per
ez’ on intermal cell volume. The electrolyte comprises 1.25 grams

of XOE so that the weight ratio of zinc to KOE is 3.1:1.
| This is the replacement shee
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rode bei ng di spnsed between said source and ot her, means for coupling
said drain elect- drain regions in a position closer to said rodes of
said first and second sem conduct or source region, said gate el ectrode
being effec- devices to each other so that said semcon- 5 tive to
control the current between said ductor devices are connected in

parallel, 70 source and drain regions, an input circuit be- capacitive
coupl ing nmeans converted between i ng connected between said gate and
source said gate electragdes of said first and second el ectrodes, and an
output scircuit and a sem conductor deV|ces out pdt- circuit neans

12 - N

L Cells of each typs ars dischargsd under the following test. A
o *photoflash® simulztion test consists at“diléh::gtag a cell across
1.8 ohns for 15 seconds every minute. ‘The total nuxber of hours to
','b.s volt is measursd. A conventional AA call provides $.2 hours of

useful discharge vhereas a AA cell in accordance with the present
invention provides 11.6 hbn:l, & 26% improvement.

This example demonstrates the izproved parformance of & C size
cell made in accordance with the present ifivention as compured to a

conventional ¢ size cell.

A conventional C size alkaline cell has an internal velume of
i18.8 q=3. The zinc anocde conp:i;il 10.4 grans ©of zinc at a density
of 1.4 grans per cu’ of anode volume. The volumatric capacity of

e . the zinc anode is .45 ampere-hour per cm? of internal cell volume.

—-  -—The_¥n0, cathode comprises 25 grams of MnO, at a density of 2.6
grams per cm; of cathode volume. The volumetric capacity of the
MnO, cathode is .45 ampere-hour per cm® on internal cell volume.

The electrolyte comprises 4.3 grams of XOH so that the veight ratio
of zinc to XOH is 2.4:1.

This Sheet Has Been Replaced
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source of unidirectional potential having coupled to said drain

el ectrodes to derive out- 10 positive and negative termnals being

put signals, and separate biasing neans con- 75 coupl ed between said
source and drain nected to said gate el ectrodes of said field

el ectrodes with the negative termnal of said effect sem conductor devices
to bias said uni di rectional potential being coupled to said gate -
el ectrodes to different bias potentials source el ectrode.

respectively, so that said transconduc ?nce 15 4. A signal translating
circuit as claimed versus“gate bias voltage characteristics are 80

A C size alkaline cell made in accordance with the pressnt
invention has an internal volume of 18.8.cx’. The zinc anods
coxprises 12 grams of ginc at a dansity ©of 1.6 grams per o’ of
anode volums. The volumstric caplcitf of the ginec anode is .53

'ampere-bour par cm® of intermal cell volums. The MnO, cathode
comprisas 27 grans of MnO, at a dmiﬁy of 2.8 grams per om, of
cathode volume. The volumstric capacity of the MnO, cathode is .53

H

anpc:n-hour per cx® on internal cell volume. The nluctrolytc
comprises 4.2 grams of KOH so that the weight ratio of zinc to KOH is

2.9:1.

Cells of esach typc-a:. ﬁiseharqod undar the following test. A
ngiaghlight" simulation tast consists of discharging a cell across
3.9 ohms for 4 minutes per hour for eight hours. The total number of
hours to 0.9 velt is measured. A conventicnal € cell nade as
described above provides 18.5 hours of useful discharge whareas a C
cell made in accordance with the present inventicn, as describde

above, provides 20.7 hours, a 12% improvenent.

N ' EXAMPLE 4 -

This axample demonstrates the improved performance of & D size

cell made in accordance with the pressnt invention as eunpar.d to a
conventional D size cell.

is Sheet Has Been Replaced Thie is the renizcament &
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in.Claim2. wherein said neans for applying conbined in a conposite

t ransconduct ance said potential to said substrate reduces said versus
gate bias voltage characteristic whioh efficiency of translation as
said potential has renote-cut-off. applied to said substrate is nade
positive re- 8. A signal translating circuit as clainmed 20 lative to the
potential of said source or drain in Claim 2 said device being an

‘i.nsul ated 85 el ectrodes. 14 gate field
ef fect sem conductor deyi,ce, input 5. A signal translating circuit as

claimed circuit means are coupled between sai d gate

A ca'nthieml D =mize alxaline cell has an internal ﬁlm of 41

a*l  ex®. The 3inc anode casprises 33 grams of zinc at a density of 1.5
grans par cx® of anods volums. The volumetric capacity of the zinc

ancde is .47 azpere-hour per cz® of intermal cell volums. The

’unoz cathode comprises 53 grams of MnO, at a density of 2.6 grams

per cu, of cnthodo volums. The volumetric capacity of the unoz

cathode is .47 upc:c-hou: per cx® on internal call volums. The

electrolite comprises 9.7 grams of KOE so that the weight ratio of

ginc to XCE is 2.4:1. .

A D size alkaline cell made in accordance with the present

invention has an internal volume of 41 cm’. The zinc anode

comprises 25 grams of zinc at a density of 1.6 grams per cu” of

anode volume. The velumetrie capacity of the gine aneda is .5
" ampere-hour par cm® of intarnal cell volume. The MnO, cathode
comprises 57 grams of MnO, at a density of 2.8 grams per cu, of
cathods voluxe, The volumetric :;ipaé:l.ty 0f the MnO, cathode is .51
ampere-hour par cm°® on internal call volums. The electrolyte
- comprises 8.9 grams of XOE so that the weight ratioc of zinc to KOE is

2.9:1. .. B

Cells of each type ars discharged under the following test. A
"flashlight” simulation test consists of discharging a cell across
3.2 chas for 4 ninutss .pcr hour for aight hours. The total number of
hours to 0.9 velt is measured. A conventiocnal D cell made as

ot Has Been Replaced This is the replacement sheet
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in Claim2 wherein said neans for applying and source el ectrodes for
appl yi ng i nput sig- said potential to said substrate reduces said nals
to said circuit, output circuit neans are 25 efficiency of said translation
of 'said circuit coupled between said drain and source elect- 90 as the
potential applied to said substrate for- rodes to derive translated out put
signals, and ward biases said rectifying junctions between neans are
coupled to said substrate of sem - said source and drain regions and
said sub- conductor matgrial for applysng a signal volt- strate.

age whéich varies as a functlon of the anpli - £

_ duc:ibod above provides 20.9 hours of uusful discharge whereas a D
&  cell in accordance with the presant invention, as describe above,
' provides 22.3 hours, a 7% improvemant.

While the previcus sxamples set forth specific features of
alkaline cells made in accordance with the present invention they are
intended only as axliplcs of the inventicn. Various changes can be
zade to ths cell constructicn and compenents and still remain within
the :pirit and sceps of ths invention as claimed. As used in the
claims, any referenca to the "zine capacity® is based on 0.82
ampere-hour per gram of ginc and any reference to "MnO, capacity"
is based upon 0.37 ampere-hour per grar of MnO,.

Sheet Has Been Replaced
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30 . 6. A signal translating circuit as clained tude of said input signals

to said substrate 95 in Claim' 2, each of said source and drain of
sem conductor nmaterial to control the am regi ons being coupled to
sai d substrate of plitude of said output signals. sem conduct or

materi al by separate current 9. A signal translating circuit as clained
pat hs "havi ng non-1linear i npedance char- in Caim2 or Claim8 said sourece
and drain 35 acteristics that are a funggi on of the relative electrodes
bei ng coupl ed to said substrate of 100 potential between. said-substrate

of senk-. sem conductor material, and said voltage .
- This Sheet Has Been Replaced

] ill

1. A primary electrochemical cell baving an anode comprising zineg, a
elfhodc conprising manganese dioxide, and an alkaline electrolyte,

-t [l

."all operatively associated vithin a cylindrical casing sealed at its

' cpen end by a seal nambar; wherain the inner surfaces of said seal
namber and casing define the intezrnal volume of said cell; wherein
the r&.ﬁ.c‘ of the total capacity of sach of the anode and cathode to
the internal volums of the cell sach exceeds about 0.48 ampare-hour
par cz® of internal volume, and the density of zinc in the anode is
at least 1.6 grams per cu® of anode volume and the density of

panganese dioxide is at least 2.8 grans par cm’ of cathode voluse.

2. The primary alkaline cell of claim 1 whersin the electrolyte
comprises potassium hydroxide (KOH)} and tha ratio of the amount of
zinc to the andunt of ROH is at least 2.8 grams of zinc per gram of
XOH. -

3. The prinazy an:aune cell of claia 1 vhersin the electrolyte

conprius potassium hydroxide (KOH) and tlm ratic of the amount of
zinc to the amount of KOH is at least 3 grams of zinc per gram of
XOE. '

4. The primary alkaline cell of clain 1 wherein the ratio of tha
volunetric capacity of manganese dioxide to the volumetric capacity

HE e ri? @i
nig is the replacement 3N
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conductor material and said source and drain applying means being AGC
circuit neans el ectrodes, and including circuit nmeans coupled to said
substrate of sem conductor coupled to said gate el ectrode for applying
material for applying a variable bias 40 input signals to be
anplified, output circuit potential to said substrate of sem conductor 105
means coupled between said drain and nmterial whereby when said .-

vari abl e bi as source el ectrodes for deriving anplified out- potential
is positive with respect to the bias put signals, and circuit neans
coupled to potential of said drain and source el ectrodes, ST
. - This Sheet Has Been

L

ét ginc is betwean about 1:1 to 1.1:21.

5; The primary alkaline cell of claim 1 wherein the volumatric
capacity of the zinc anods (bassd on °..' 82 A-Hr/gran) and the

' volumetric capacity of the manganass dicxide (based on 0.37
A-Br/gram) each excesds about 0.50 ampere~hour per cm® of internal
voluzme and the density of zinc in the ancde is at least 1.7 grams per
cm® of anode velume and the density of manganese dioxide iz at

least 2.9 grams per cu’® of cathode volums.

6. An electrochemical cell having an ancde comprising zinc, a
cathode comprising manganess dioxide, a separator between said ancde
and cathode, and an alkalins electrolyts comprising potassiun
hydroxide (KOH) all cperatively associated within a cylindrical
cpen-ended casing sealed at its cpen end by a seal mexber, wherein
the inner surfaces of said seal mexber and casing define the internal
volume of said cell; wherein said cathode is an annular structure
having its outer wall contactiné the inner wall of the casing, said

- separator lines the central cavity of the annular cathoda, and said
zinc anode resides within—theseparator lined cavity; wheruinthe— -
internal volume of the cell is Qreater than 16 =n3, the ratio of
the total capacity of sach of the anode and cathode to the internal

" volume of the cell each axcesds about 0.43 ampers-hour per cm® of
internal volume, the dansity of zinc‘in the anode is at least 1.4
grans per cm® of ancde volume, and the waight ratio-oz zine to

i

his is the replacement sheet

Date: L JAN 1337



sai d substrate of sem conductor material for current flows between said
substrate and each 45 applying a voltage having an anplitude that of said
drain and source electrodes, and 110 varies as a function of the
average anplitude when said variable bias potential is negative of said
I nput signals to vary the relative wth respect to the bias potential of
sai d potential between said substrate of sem con- source and drain

el ectrodes there is no cur- ductor material and each of said drain- and
rent fl.ow between each of said source arf@ 50 source el ectrougssnebeLERN

i npedance drain electrodes and said substrate. mmn",”m,

~ £

potassiup hydroxide is at least 2.831.
7. The electrochemical eou of clais € whersin the density of
manganese diocxide in the cathode structure is at least 2.8 grazs of
'manganese dioxide per ca® of the cathode volume.

8. The slectrochemical cell of claim 6 whersin the ratic of the
valm.t:i:c capacity of manganess dioxide to the velumetric capacity
of zinc is betwsan about 1:1 to 1l.1:l.

9. An electrochemical cell having an anods comprising zine, a
cathode comprising manganess dioxide, a saparator betweesn said anode '
and cathode, and an alkaline electrolyte comprising pata;sim
hydraxidc. (XoB) all operatively asscciated within a cylindrical
cpen-ended casing sealed at its open and by a seal member, wherein
the inner surfaces of said seal unbcr and casing define the internal
volume of said cell; wherein said cathode is an annular structurs
having its outer wall contacting the inner wall of the casing, said

- | separator lines the écntral cavity ef the annular cathode and said

zinc anode resides withifi the separator 1ined cavity; wherain the
internal volume of the cell is less than 7 cm®, the ratio of the

total capacity of each of the anods and cathode to the internal
volume of the cell sach axceeds about 0.5 ampere-hour per en’® of
internal voluze, the density of zinc in the anocde is at least 1.7

grans per cu® of anode volume, and the waight ratioc of zinc to

* c L M S *
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presented by said current paths vary as a 10. A signal translating
circuit as clained function of the anplitude of said input sig- in
Claim 2 said sem conductor device being nal and the gain of said
translating circuit an insulated gate field effect transistor S
reduced when said average anplitude of wherein each of said source and
drain elect- 55 said i'nput signals increases. rodes has a
respective effect current path 120 7. A signal translating circuit as
claimed wth said substrate of sem’c1 ductor materi al in Claim 2 said
citrcuit including a first and whi ch*varies as a functi on—ef—-t-he-rel ative-

This Sheet Has Been Replaced

potassium hydroxide is at least 3.1:1.

10. The electrochemical call of clais § wharein the density of

manganess dicxide in the cathode structurs is at least 2.8 grams of
_+manganese dicxide per cu’ of the cathods voluzms.

11. The electrochemical cell of claim § wharein the ratio of the

volumetric capacity of manganese dicxide to the volumetric capacity

of zinc is betwean about 1:1 ¢o 1.1:1.

12. A "AA" size alkaline electrochemical cell comprising a cathode
having in excess of 3 ampere hours of manganese dioxide (based on
.370 ampere~hour psr gram), an ancde having in excess of 3 axmpers
hours of zine (based cn 0,82 ampere-hour per gram), and wherein the
NnO, density in the cathode is in' excess of 2.75 grams per cx® of

cathode volums.

13. A.'AAA' iizc alkaline electrochenical cell comprising a cathode

&;. having in excess of 1.3 ampere hours of nmanganess dioxide (based on
.370 ampere-hour-per—gram), an anocde having in—excess of 1.3 amperes
hours of zinc {based on 0.82 ampere~hour per gram), and vhersin the
MnO, density is in excess of 2.8 grams per cm® of cathode volums.

14. A "C" ziza alkaline electrochemical cell comprising a cathode
having in excess of 8.5 ampare hours of manganess dioxide (based on

bl IS 1 R PTY ey F
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a second of said sem conductor devices, each potential between said

substrate of sem - having a fate el ectrode, a drain electrode
conductor material and the corresponding 60 and a source el ectrode, and
each having a one of said source and drain el ectrodes, and_125 shar p

cut-of f transconductance versus bias including circuit nmeans coupled to
said gate vol tage characteristic, tunable input circuit ﬂl@IS@ethadﬁenf;g ced

appl ying input signals to be nmeans goupled to said gate e
said anplified, outputzgtrcuit nmeans Bunl ed be- . first s ,"ﬂ
device, circuit nmeans for tween said drain and 96urce electro es

<370 ampere-hour per gran), an':nodc having in excess of 8.5 arpers
_,ff homot:hc(hﬂao.umhmmm,mmm
’ mozdmitybmmuumezzvmmax’ot

=athadc volume.

15. A “D" size alkaline electrochemical cell comprising & cathode
" having in excess of 19 ampers hours of zanganese dioxide (based on
370 ampere-hour per gram), an ancde having in excess of 15 ampere
hours of zinc (bassd on 0.82 ampsre~hour psr gram), and whezein the
MnO, density in the cathode is in excess of 2.7 qruu per cn® of

cathode volume.

| LTI e p——
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65 coupling said source electrodes of said first
out put signals, and circuit 130

21

deriving transl ated

This Sheet Has Been Repl

T

The present invention is an improved alkaline cell vherein the
capacity of sach of the anode and cathods is at least 0.48 and more

prefearably to at least 0.5 ampere-hour per cx® of internal cell

voluna.,

This is achieved by exploying zinc densities of at least 1.4

grans of zinc per cz® of anode volume and Hno, densities of at

least 2.7'grams of MnC, pcf cu® of cathode volume.

FIGURE 1

This is the replacement sheet
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1, 075, 092 means coupled to said substrate of sem con-" electrode is -

reduced because of the offsetting ductor material for varying the
rel.ative of said gate electrode toward the source - potential between
said substrate of sem con- el ectrode. ductpf material and at |east one
of said %rai n 15. A signal translating circait as claimed
- 24 ,
14 )
“ 9 " l‘— ks LN \§\
= -— \

/
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5 and source el ectrodes. in Claim?2 said z‘b%t_r%e
being made . from..70... . 11 A signal translating circuit as clai mecf'

néar | y i n FIREAC TSR canduct orss material , in Claim?2, said gate
elngdos: prandisal g; %@ugcef and dr ain el ect rodes effec- posed
bet ween ;s& di:zauj ce: and dﬁaagn‘,.,m@ec,t, ttively operating as a pair of

recti fy| Ng: UN@rs(s) - M}qlgs I & nnert to control current through tions
connect edv,‘oez,:y@@n sa+1dasq§)s¢tmrat_ apd flO sai d conducting. channel and said
gate el ect- between sal d sour¢e and ?dr ai n el ectrofés;; rg=:;75.. -~ rfde being
of fset in.a.di ILECtI 0n..¢l. OS%M}‘E the spect i vely, a_g [ j

bet ween &Ll L SRS 0

IMPROVED ALKALINE CELL

The present invention relates to an improved primary alkaline electrochemical cell
having a zinc anode and 2 manganese dioxide cathode. More particularly, the invention
concerns an optimized cell which provides up to a 10% increase in cell performance

under the common discharge tests.

Alkaline cells having zinc anodes and manganese dioxide containing cathodes
have been commercially available for over 20 years. Thus, the cells can be considered to
be a mature product in that the performance characteristics of such cells, prior to the
present invention, have been maximized by the competition among the major alkaline
battery manufacturers to provide the “longest lasting” battery. All battery manufacturers
have been operating under the same constraint in that the conventional battery sizes, i.e.
AAA, AA, C, D and 9V, have been standardized internationally. Thus, the volume
within such cell sizes into which the active materials are packed is fixed. The amount of
energy available from any given cell size has a theoretical upper limit which is defined by
the internal cell volume and the practical densities of the cell’s active components that are

employed.

Each battery manufacturer, while being limited to the same internal volume into
which the battery active materials can be packed,-uses slightly different proportions in the
amounts of active materials and electrolyte as compared to the other baﬁery
manufacturers. Thus, between the high and the low limits in the amount of zinc,
manganese dioxide, graphite, zinc density, cathode density and electrolyte used by all of
the battery manufacturers fhere is almost an infinite number of permutations possible.

Applicants have discovered that it is possible to balance the zinc quantity, zinc density,

This Sheet Has Been Replaced This is the replacement sheet
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one of said source and drain electrodes to said source electrode and a
point of refer- whi ch the negative termnal of said unidirec- ence
potential, an output circuit including a tional source is connected so
that the de- source of unidirectional potential coupled 15 generation
produced by the resistance of said between said drain electrode and said

poi nt 80 conducting channel is reduced. of reference
potential, nmeans bei ng coupl ed 12. A signal translating circuit as
claimed to said gate electrode for biasing said gate in Claim8 said

out put ci r Mi0, quats, MeiOydlensitye aid eldetrdlpe quaaiy iresichiaagaynpritepiovide ani t h re-
least a 10% performance irfiprovement over the best perfoithing conventional alkaline
batteries. This is a significant achievement, and quite unexpected, for a product whose

performance has been optimized over a 20 year period by the competitive forces in the

marketplace.

The discharge reaction at the zinc anode in an alkaline cell can be written as:

Zn - Znt2 + 2e"

Zn*2 + 20H - Zn0 + H,0

The diébharge reaction at the MnO, cathode can be written as:
2MnO,+  2H,0 +  2¢ - 2MnOOH +  20H-

The net cell reaction is given by the addition of these three reactions:

Zn +  2MnO, + H,0 - Zn0O +  2MnOOH

Thus, it can be seen that water is consumed by the reaction. One skilled in the art
would expect that if the amount of active materials in a cell is increased the amount of
KOH electrolyte must be proportionately increased so that enough water is present to
keep the cell from drying out. If an alkaline cell becomes too dry due to water depletion
the performance of the cell deteriorates. Applicants have discovered, however, that the
amount of active materials can be increased without increasing the amount of aqueous
KOH electrolyte over that used in conventional cells. In other words, the ratio of

Zn/KOH (assuming a constant molarity of KOH electrolyte) can be increased over

This is the replacement sneet
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tunabl e and neutralizing circuit neans being spect to said point of
reference potential. and 20 coupl ed between said output and input cir-
means connecting said substrate of senmicon- 85 cuit nmeans including a
vari abl e capacitor for ductor material to said point of reference

f eedi ng back energy 180[err] out of phase with potential so that the
rectifying junction effec- the energy fed back through the inherent
tively connected between said substrate and capaci tance between said
gate and drain said source electrode is back-biased whereby 25 el ectrodes.
t he eff ect ¢oneestipalratioswith@ft affadtthgroalt peffyinitgic®0This is discussed in greater detail

below.

Conventional alkaline cells comprise a gelled zinc anode mixture. The mixture
comprises individual zinc metal particles, a gelling agent, an amount of alkaline
electrolyte, and minor amounts of other additives such as gassing inhibitors. A common
gelling agentisa carboxymetbycellulose type such as Carbopol 940. Non-limiting
examples of gassing inhibitof; 'include inorganic additives such as indium, bismuth, tin
and lead and organic inhibitors such as phosphate esters such as RA600 (made by GAF)
and anionic and non-ionic surfactants. See for example U.S. patent Nos. 5,168,018;
4,939,048; 4,500,614; 3,963,520; 4,963,447; 4,455,358; and 4,195,120 for examples of

various anode mixtures known in the art.

Regardless of the particular anode mixture employed by a battery manufacturer
the amount of zinc metal for a given cell size (as well as the other parameters discussed
hereinj falls within a specific range. For conventional AAA size cells it may range from
1.3 to 1.6 grams or 1.07 to 1.31 ampere-hours (based on 0.82 ampere-hour per gram).
Similarly, the volumetric capacity of zinc anodes in AAA size cells (determined by
dividing the capacity of zinc by the total internal volume of the sealed cell) may range
from 0.385 to 0.492 ampere-hour per cm3 of total internal cell volume. If zinc is the
limiting electrode (versus the cathode) the foregoing values represent the maximum
capacity and volumetric capacity available from the cell. Similarly, typical commercially
available cells of other sizes are made within varying ranges of the other parameters

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 more preferably to at least 0.5 ampere-hour per cm3

of internal cell volume without increasing the amount of electrolyté. This is achieved by

This is the replacement sheet
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13. A signal translating circuit as claimed junction is reduced thereby

reduci ng the out - in Claim3 wherein said conductive channel put
capaci tance of said field effect sem con- connecting said source and
drain el ectrodes ductor device and thus increasing the fre- al | ows

current flow fromone of said drain quency response of said signal
translating 30 and source electrodes to ghe other of said circuit.

95 el ectrodes in accordance with the polarity 16. A signal
translating circuit as clained of the respective potentials of said

el ect- in &hibfing 2R Gehdifbriat fedlt 120gkam8 6P Rk pBS&3 of anode volume and

MnO, densities of at least 2.7 grams of MnO, per cm3 of cathode volume.

The features and advantages of the present invention will now be described in

reference to the figure in which:

Fig. 1 is a cross sectional view through an alkaline cell made in accordance with
the present invention.

Cyiindrical cell 10 comprises casing 12 closed at its open end by seal member 14
being crimped in place. Cathode 16 is an annular structure as shown wherein the outer
surface of said cathode contacts the inner surface of the casing making electrical contact
thereto. Cathode 16 is formed by stacking cathode pellets 16a as shown. Each cathode

pellet is made from a mixture of MnO,, a conductive agent, and electrolyte.

Cell 10 further comprises separator 18 which lines the inner surfaces of annular
cathode 16. Separator 18 can be any of the well known separator materials such as

cellulose or rayon.

Anode mixture 20 is located within the separator lined cavity. Anode mixture 20
as dispensed comprises zinc particles, alkaline electrolyte, a gelling agent, and one or
more gassing inhibitors such as the ones described above. Generally, the zinc and
alkaline electrolyte together comprise up to about 96%, and more preferably 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 comprising

up to about 1% by weight of the mixture.

Anode collector 22 passes through seal member 14 and into anode mixture 20 as
shown. The upper end of anode collector 22 is connected to negative end cap 24 as

shown, which end cap serves as the negative external terminal of cell 10. Additionally,
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rodes, said gate electrode being effective to ated field effect

sem conduct or devi ces each control the current flow beteen said source
havi ng gate, drain and source el ectrodes re- 35 and drain electrodes, said
input circuit being spectively and each having a non-linear |og 100
coupled to said gate electrode for applying transconductance versus gate

bi as vol tage I nput signals to said signal translating circuit
characteristic, tunable input circuit. neans to vary the flow of current
t hrough said con- coupled to said gate el ectrode of said first ducting

channel in acamowofskalieelédnoiyadis adfiédlodthe edlf Which befinsQikiEbREd devi ce,
; i _
crred throughout the anode, cathode, and separator.

The present invention is based on the discovery that less KOH electrolyte relative
to the amount of zinc can be employed and still obtain efficient discharge (this is contrary
to long held beliefé in the battery industry that the electrolyte amount could not be
lowered if more active mater'i.?}s are used). As a result, the density of the zinc in the
anode structure can be increased. Preferably, the weight ratio of zinc to KOH is at least
2.8:1, and more preferably at least 3:1. Such increased weight ratios of Zn/KOH results
in a density of zinc in the anode volume of at least 1.4, more preferably at least 1.6, and
most preferably at least 1.7 grams of zinc per cm?3 of anode volume. With more zinc
added to the anode versus a conventional cell it is possible, regardless of cell size, to have. .. .

_ the ratios of the capacity of the zinc anode to the internal volume of the cell at least as . .

high as 0.48 ampere-hour per cm3, and more preferably at least 0.5 ampere-hour per cm3.

The improvement in discharge efficiency of the zinc anode resulting from a more
dense anode led to the further discovery that the prior belief that the cathode inefficiency
was the dominant factor in overall cell performance was incorrect. The amount of
conductive agent provided in conventional alkaline cells ( as much as 12% by weight in
some cell sizes) as wéll as the density of MnO, in the cathode structure (on the order of
2.3 to 2.75 grams per cm3 of cathode volume) was to help improve the cathode
efficiency.

Therefore, in accordance with the present invention less conductive agent is provided in
the cathode whereby the amount of MnO, can be increased. Thus, the MnO, capacity
can be kept in relative balance with the increased zinc capacity. Preferably, the ratio of

MnO; capacity to the zinc capacity is between 0.95:1 to 1.1:1, and more preferably is
between 1:1 and 1.1:1. With more MnO, added to the cathode versus a conventional cell
it is possible, regardless of cell size, to have the ratios of the capacity of the MnO,

cathode to the internal volume of the cell at least as high as 0.48 ampere-hour per cm3 ,
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40 plitude of said input signals, whereby con- coupling neans for
connecting said drain 105 ventional current flows from said drain to
el ectrodes and said source el ectrodes of said sai d source el ectrode and
due to the closer first and second field effect sem conductor de-
proximty of said control electrode to said vices to each other
respectively, so that said source electrode the intrinsic opposition to
first and second field effect sem conductor 45 current flowin said
conducting channel is devices are connected in parallel, separate 110

S U_bz tanti a|a|h& nidhd prieferably ot 1045t PStantPefChinir per cmDi Bl @dnisity bf the®aMG, ik @lsobi asi ng
said gate el ect-
higher than that conventionally used and is preferably at least 2.7, and more preferably at

least 2.8 grams of MnO, per cm3 of cathode volume.

Some battery manufacturers have employed a high density anode similar to the
anode of the present invention, but they have not correspondingly also lowered the
amount of electrolyte, lowe;gg:_the amount of conductive agent in the cathode, and
increased the amount of MnO,. Thus, the specific combination of cell parameters
encompassed by the appended claims have not previously been combined whereby the
cell performance
realized by the present invention greatly exceeds that which is obtainable by

commercially available alkaline batteries.

The features and advantages of the present invention will now be demonstrated in

the following examples.

EXAMPLE1

‘This example demonstrates the improved performance of a AAA size cell made in

accordance with the present invention as compared to a conventional AAA size cell.

A conventional AAA size alkaline cell has an internal volume of 2.84 cm3. The
zinc anode comprises 1.5 grams of zinc at a density of 1.24 grams per cm3 of anode
volume. The volumetric capacity of the zinc anode is 0.435 ampere-hour per cm3 of
internal cell volume. The MnO, cathocie comprises 3.6 grams of MnO, at a density of
2.58 grams per cm3 of cathode volume. The volumetric capacity of the MnO, cathode.is

0.474 ampere-hour per cm3 on internal cell volume. The electrolyte comprises 0.66

grams of KOH so that the weight ratio of zinc to KOH is 2.3:1.

i . 1y > .
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14. A signal translating circuit as claimed rodes of said first and
second field effect in Claim2 said substrate of sem conduct or

'sem conductor devices to different bias poten- mat eri al being forned
fromsilicon and said tials respectively, neans for coupling said 50 gate
el ectrode being insulated fromsaid sili- input circuit to said gate

el ectrode of said 115 con substrate gnd | ocated so that the distance
second field effect sem conductor device bet ween said gate el ectrode
and said drain wher eby said | og transconductance versus el ectrode is

l'onger than theadA AadIRAine RENERAe it SrdRh@SwiviPihe paRestiAverBbR hasdrd CS are
com : -
‘internal volume of 2.84 cm3. The zinc anode comprises 1.7 grams of zinc at a density of
1.74 grams per cm?3 of anode volume. The volumetric capacity of the zinc anode is 0.49

ampere-hour per cm3 of internal cell volume. The MnQ, cathode comprises 4.2 grams of
MnO, at a density of 2.99 grams per cm3 of cathode volume. The volumetric capacity of

the MnO, cathode is 0.548 ampere-hour per cm3 on internal cell volume. The electrolyte

~ comprises 0.54 grams of KOH:so that the weight ratio of zinc to KOH is 3.2:1.

Cells of each type are discharged under the following tests. A “radio” simulation
test consists of discharging a cell across 75 ohms for 4 hours per day. The total number
of hours to 0.9 volt is measured. A conventional AAA cell made as described above
provides 64 hours of useful discharge whereas a AAA cell in accordance with the present
invention, as describe above, provides 71 hours, a 11% improvement. A “photoflash”
simulation test consists of discharging a cell across 3.6 ohms for 15 seconds every
minute. The total number of hours to 0.9 volt is measured. A conventional AAA cell
provides 6.12 hours of useful discharge whereas a AAA cell in accordance with the

present invention provides 6.47 hours, a 6% improvement.

EXAMPLE 2

This example demonstrates the improved performance of a AA size cell made in

accordance with the present invention as compared to a conventional AA size cell.

A conventional AA size alkaline cell has an internal volume of 6 cm3. The zinc
anode comprises 3.5 grams of zinc at a density of 1.4 grams per cm3 of anode volume.
The volumetric capacity of the zinc anode is 0.476 ampere-hour per cm3 of internal cell

volume. The MnO, cathode comprises 8.31 grams of MnO, at a density of 2.55 grams

per cm3 of cathode volume. The volumetric capacity of the MnO, cathode is 0.507
This is the replacement sheet
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said gate el ectrode and said source electrode, bined into a conposite |og
transconduct ance 55 said conductive channel providing a path for versus
gate bias voltage characteristics which 120 current flow between said
pair of electrodes 1is substantially |linear, tunable output circuit in a
direction corresponding to the relative neans coupled to said drain

el ectrodes of polarity of the potentigal between said elect- said first
and second field effect sem conduc- - rodes. and an output circuit
including a d.c. tor devices, and a variabl e capacitor coupled 60 voltage

fsour ‘i 25 Cofifé-Rbur e EME 0N intéAdlGell RBIRE T Al trBlytd X dmpitds 1 ARAmESS CUi t'S
or :
KOH so that the weight ratio of zinc to KOH is 2.5:1.

A AA alkaline cell made in accordance with the present invention has an internal
volume of 6 cm3. The zinc anode comprises 3.9 grams of zinc at a density of 1.8 grams
pér cm3 of anode volume. The .volumetric capacity of the zinc anode is 0.533 ampere-
hour per cm3 of internal cell volume. The MnO, cathode comprises 9.3 grams of MnO,
at a density of 2.9 grams per cm3 of cathode volume. The volumetric capacity of the
MnO, cathode is 0.57 ampere-hour per cm3 on internal cell volume. The electrolyte

comprises 1.25 grams of KOH so that the weight ratio of zinc to KOH is 3.1:1.

Cells of each type are discharged under the following test. A “‘photoflash”
simulation test consists of discharging a cell across 1.8 ohms for 15 seconds every
minute. The total number of hours to 0.9 volt is measured. A conventional AA cell
provides 9.2 hours of useful discharge whereas a AA cell in accordance with the present

invention provides 11.6 hours, a 26% improvement.

EXAMPLE 3

This example demonstrates the improved performance of a C size cell made in

accordance with the present invention as compared to a conventional C size cell.

A conventional C size alkaline cell has an internal volume of 18.8 cm3. The zinc
anode comprises 10.4 grams of zinc at a density of 1.4 grams per cm3 of anode volume.
The volumetric capacity of the zinc anode is 0.45 ampere-hour per cm3 of internal cell

volume. The MnO, cathode comprises 25 grams of MnO, at a density of 2.6 grams per

cm? of cathode volume. The volumetric capacity of the MnO, cathiode is 0.49 ampere-
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source and drain electrodes so that said neutralizing the energy fed back
from said drain electrode is biased positively relative output

circuit to said input circuit through to said source el ectrode and the
signal feed the inherent capacitance of each of said first back

t hrough the inherent capacitance be- and second field effect semi conductor
device. 65 tween said gate electrode and said drain 17. A sem conduct or
devi ce substantially 130

hour per cm3 on internal cell volume. The electrolyte comprises 4.3 grams of KOH so

that the weight ratio of zinc to KOH is 2.4:1.

A C size alkaline cell made in accordance with the present invention has an
internal volume of 18.8 cm3. The zinc anode comprises 12 grams of zinc at a density of
1.6 grams per cm3 of anode volume. The volumetric capacity of the zinc anode is 0.53

ampere-hour per cm? of internal cell volume. The MnO, cathode comprises 27 grams of

MnO, at a density of 2.8 grams per cm3 of cathode volume. The volumetric capacity of
the MnO, cathode is 0.53 ampere-hour per cm3 on internal cell volume. The electrolyte

comprises 4.2 grams of KOH so that the weight ratio of zinc to KOH is 2.9:1.

Cells of each type are discharged under the following test. A “flashlight”
simulation test consists of discharging a cell across 3.9 ohms for 4 minutes per hour for
eight hours. The total number of hours to 0.9 volt is.measured. A conventional C cell

., made as described above provides 18.5 hours of useful discharge whereas a C cell made
in accordance with the present invention, as describe above, provides 20.7 hours, a 12%

improvement.

EXAMPLE 4

This example demonstrates the improved performance of a D size cell made in

accordance with the present invention as compared to a conventional D size cell.

A conventional D size alkaline cell has an internal volume of 41 cm3. ‘The zinc
anode comprises 23 grams of zinc at a density of 1.5 grams per cm3 of anode volume.
The volumetric capacity of the zinc anode is 0.47 ampere-hour per cm3 of internal cell

volume. The MnO, cathode comprises 53 grams of MnO, at a density of 2.6 grams per

cm? of cathode volume. The volumetric capacity of the MnO, cathode is 0.47 ampere-
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hour per cm3 on internal cell volume. The electrolyte comprises 9.7 grams of KOH so

that the weight ratio of zinc to KOH is 2.4:1.

A D size alkaline cell made in accordance with the present invention has an
internal volume of 41 em3. The zinc anode comprises 25 grarns of zinc at a density of 1.6
grams per cm3 of anode volume. The volumetric capacity of the zinc anode is 0.5

ampere-hour per cm3 of internal cell volume. The MnO, cathode comprises 57 grams of
MnO, at a density of 2.8 grams per cm3 of cathode volume. The volumetric capacity of
the MnO, cathode is 0.51 ampere-hour per cm3 on internal cell volume. The electrolyte

comprises 8.9 grams of KOH so that the weight ratio of zinc to KOH is 2.9:1.

Cells of each type are discharged under the following test. A “flashlight”
simulation test consists of discharging a cell across 3.2 ohms 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 described above provides 20.9 hours of useful discharge whereas a D cell in
accordance with the present invention, as describe above, provides 22.3 hours, a 7%

improvement.

While the previous examples set forth specific features of alkaline cells made in
accordance with the present invention they are intended only as examples of the
invention. Various changes can be made to the cell construction and components and still
remain within the spirit and scope of the invention as claimed. As used in the claims, any
reference to the “zinc capacity” is based on 0.82 ampere-hour per gram of zinc and any

reference to “MnQO, capacity” is based upon 0.37 ampere-hour per gram of MnO,.
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as herein described and illustrated in Figures ANDREW CLARK,
l-and 2 of the acconpanyi ng draw ngs. Chartered Patent
Agent s, 18. A signal translating circuit substanti- 5,
St one Bui | di ngs, ally as herein described and illustrated in any
Li ncoln's Inn, 5 of Figures 5 to 10 of the acconpanying

London WC. 2. dr awi ngs. 11

Claims:

1. A primary electrochemical celi having an anode comprising zinc, a cathode
comprising manganese dioxide, and an alkaline electrolyte, all operatively associated
within a cylindrical casing sealed at its open end by a seal member; wherein the inner
surfaces of said seal member and casing define the internal volume of said cell; wherein
the ratio of the total capacityl gf each of the anode and cathode to the internal volume of
the cell each exceeds abouf 0.48 ampere-hour per cm3 of internal volume, and the density
of zinc in fhe anode is af least 1.6 grams per cm3 of anode volume and the density of

manganese dioxide is at least 2.8 grams per cm3 of cathode volume.

2. The primary alkaline cell of claim 1 wherein the electrolyte comprises potassium
hydroxide (KOH) and the ratio of the amount of zinc to the amount of KOH is at least 2.8
grams of zinc per gram of KOH.

3. The primary alkaline cell of claim 1 wherein the electrolyte comprises potassium
hydroxide (KOH) and the ratio of the amount of zinc to the amount of KOH is at least 3

grams of zinc per gram of KOH.

4, The primary alkaline cell of claim 1 wherein the ratio of the volumetric capacity

of manganese dioxide to the volumetric capacity of zinc is between about 1:1 to 1.1:1.

5. The primary alkaline cell of claims 1 wherein the volumetric capacity of the zinc
anode (based on 0.82 A-Hr/gram) and the volumetric capacity of the manganese dioxide
(based on 0.37 A-Hr/gram) each exceeds about 0.50 ampere-hour per cm3 of internal
volume and the density of zinc in the anode is at Jeast 1.7 grams per cm3 of anode volume

and the density of manganese dioxide is at least 2.9 grams per cm3 pf cathode volume.
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6. An electrochemical cell having an anode comprising zinc, a cathode comprising
manganese dioxide, a separator between said anode and cathode, and an alkaline
electrolyte comprising potassium hydroxide (KOH) all operatively associated within a
cylindrical open-ended casing sealed at its open end by a seal member, 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 separator lines thg_: __central cavity of the annular cathode, and said zinc anode
resides within the separator lined cavity; wherein the internal volume of the cell is greater
than 16 cm3, the ratio of the total capacity of each of the anode and cathode to the internal
volume of the cell each exceeds about 0.48 ampere-hour per cm3 of internal volume, the
density of zinc in the anode is at least 1.4 grams pef cm? of anode volume, and the weight

ratio of zinc to potassium hydroxide is at least 2.8:1.

7. The electrochemical cell of claim 6 wherein the density of manganese dioxide in

the cathade structure is at least 2.8 grams of manganese dioxide per cm3 of the cathode

volume.

8. The electrochemical cell of claim 6 wherein the ratio of the volumetric capacity of

manganese dioxide to the volumetric capacity of zinc is between about 1:1 to 1.1:1.

9. An electrochemical cell having an anode comprising zinc, a cathode comprising
manganese dioxide, a separator between said anode and cathode, and an alkaline
electrolyte comprising potassium hydroxide (KOH) all operatively associated within a
cylindrical open-ended casing sealed at its open end by a seal member, 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 separator lines the central cavity of the annular céthode and said zinc anode

resides within the separator lined cavity; wherein the internal volume of the cell is less

than 7 cm?, the ratio of the total capacity of each of the anode and cathode to the internal

T

This is the replacement sheet

. i - O e
Date: | ¢ £t3 1998



13

volume of the cell each exceeds abouit 0.5 affipere-hour per cm?3 of internal volume, the

density of zinc in the anode is at least 1.7 grams per cm3 of anode volume, and the weight

ratio of zinc to potassium hydroxide is at least 3.1:1.

10.  The electrochemical cell of claim 9 wherein the density of manganese dioxide in

the cathode structure is at least 2.8 grams of manganese dioxide per cm3 of the cathode

volume.

11. Thé electrochemical cell of claim 9 wherein the ratio of the volumetric capacity of

manganese dioxide to the volumetric capacity of zinc is between about 1:1 to 1.1:1.

12. A “AA” size alkaline electrochemical cell comprising a cathode having in excess
of 3 ampere hours of manganese dioxide (based on 0.370 ampere-hour per gram), an
anode having in excess of 3 ampere 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 cm?3 of

cathode volume.

13. A “AAA” size alkaline electrochemical cell comprising a cathode having in
excess of 1.3 ampere hours of manganese dioxide (based on 0.370 ampere-hour per
gram), an anode having in excess of 1.3 ampere hours of zinc (based on 0.82 ampere-hour

per gram), and wherein the MnGQ, density is in excess of 2.8 grams per cm3 of cathode

volume.

14. A “C” size alkaline electrochemical cell comprising a cathode having in excess of
8.5 ampere hours of manganese dioxide (based on 0.370 ampere-hour gram), an anode
having in excess of 8.5 ampere hours of zinc (based on 0.82 ampere-hour per gram), and

wherein the MnO, density in the cathode is in excess of 2.7 grams per cm3 of cathode
volume.
This is the repiacement sheet
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15. A “D” size alkaline electrochemicii cell comprising a cathode having in excess of
19 ampere hours of manganese dioxide {based ori 0.370 ampere-hour per gram), an anode
having in excess of 19 ampere hours of ztic (based on 0.82 ampere-hour per gram), and

wherein the MnO, density in the cathode is in excess of 2.7 grams per cm3 of cathode

volume.
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The present invention is an 1mproved alkaline cell wherein the capacity of each of the
anode and cathode is at least 0.48 and more preferably to at least 0.5 ampere-hour per
cm3 of internal cell volume. This is achieved by employing zinc densities of at least 1.4

grams of zinc per cm3 of anode volume and MnO, densities of at least 2.7 grams of

MnO, per cm? of cathode volume.
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ELECTROCHEMICAL CELL WLTH ZINC ANGDE

The present invention is an 1m;;§oved alkaline cell wherein the capacity of each of the

anode and cathode is at least 0.48 and more preferably to at least 0.5 a;mpere—homr per

"em? of internal cell volume. This is achieved by employing zinc densities of at least 1.4 |

grams of zinc p;ar cm? of anode volume and MnO, densities of at least 2.7 grams of

MnO, per cm? of cathode volume.
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ELECTROCHEMICAL CELL WITH ZINC OXIDE

The present invention relates to an improved primary alkaline electrochemical cell
having a zinc anode and a manganese dioxide cathode. More particularly, the invention
concerns an optimized cell which provides up to a 10% increase in cell performance
under the common discharge tests.

Alkaline cells having zinc anodes and manganese dioxide containing cathodes
have been commercially avai}able for over 20 -years. Thus, the cells can be considered to
be a mature product in that the performance characteristics of such cells, prior to the
present invention, have been maximized by the competition among the major alkaline
battery manufacturers to provide the “longest lasting” battery. All battery n}anufacmrers
have been operating under the same constraint in that the conventional battery sizes, 1.e.
AAA, AA, C, D and 9V, have been standardized internationally. Thus, the volume
within such cell sizes into which the active materials are packed i§ fixed. The amount of
energy available from any given cell size has a theoretical upper limit which is defined by

the internal cell volume and the praétical densities of the cell’s active components that are

employed.

Each battery manufacturer, while being limited to the same internal volume into
which the battery active materials can be packed, uses slightly different proportions in the
amounts of active materials and electrolyte as compared to the other battery
manufacturers. Thus, between the high and the low limits in the amount of zinc,
manganese dioxide, graphite, zinc density, cathode density and electrolyte used by all of
the battery manufacturers there is almost an inﬁnite number of permutations possi};ie.

Applicants have discovered that it is possible to balance the zinc quantity, zinc density,



