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,' ~ praunt inftntion niaua ~an ~-·Pl'!auf alJ:&~iM 

' e1eotroc::llaica1 oeU avinf .• 1.t.nc anode ud a~·· ti.oxide 
aat:liode. 11on put.icmlarly, tb• innntdon oonaem an optµdaed call 

vbiab provid• up to a 1ot incrMH .in aal.l perforunaa under th• 

ooaon discbarf• teau •. 

Alkaline calla b&Yin9 11no anoda and aupnue dioxide 

aontainiftl aathedll llav1 bllft amueially ava11-.i1 tor 8'111! 20 
yu.n. Thua, th• aal.1• can be cauiclarad i:o be a u't.Urtl product in 

tha't tb• parfonanca cdlanotuiniaa of nc:b ~·· prior 'to 1:b• 

preaent invtmtJ.on, hav~ been aaxiaiaed ltf 1:U aoape'tUaon amonv tlM 

aajor alkaline battery JlaftUfacturara to provide tbe "lonv•t last:in;• 

J:»attary. All battUT umifac:rturen bave bHn opera1;in; UndllZ' tH 

aame conatrai~t in •t tb• conventional batter •ii•, i.e. au., IA, 

c, I> and IV, hava bean •tandardised internationally. !'bus, the 

volua• within aucb cell •i•••-iAto-'Phiab the. active ••ial.• ar•--·-­
packed i• f i~ecl. Th• aaount of energy availule frma any 9.tven call 

size bas a 'l:b~oretiaal apper liait which_ia defined by th• in~l 

cell volU.119 and 1:be practical demitiu of tbe cell•• active 
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B&all lla't:azy MJmtac:tun:, wbil• .bein; 1iai'tecl to t:b• -

internal vol.aa into Vbiab 1:ba.1»a=cy active •tarial• can be 
' , 

, pa'*-4, u• 91.t.pU)' different proportion• .t.n the aounta t2f active 

ut.erial• and·aleat.rolyte ••compared to tb• otbar battery 

unufacturan. nm., mtwen the bJ.fb and t:ba low 1Wta in th• 
' amount· ot zino, 11an9anae dioxide, 9npb1ta, ainc·danait)', c:at:bode 

density and aleatrolfte used 1'f all of the battcy manufacturers 

than i• allloat an infinite nmilbU Of penmt&Uou poasibleo 

Appl~canta bav• tiscovared ~t it 11 poaaU.1• to balance the zinc 

quantity, 1inc density, 11no2 quantity, llnOz density,· and 

elactrolyt• pant.it)' in aucb a way u t.o prcwicie at least a 10• 

parf ormanca improvaant. over ·tl2• Miit pertona.tn; convention1ll. 

alkaline batt~i••· ':his i• a •ipifiaant acbievaent, and quit.• 

'Lmexpected, for a product· who•• performance b.aa been optimized over a 

20 year period by tb• competitive forcu in th• urutplaca .. 

1'b• di•chuv• reaction at th• sine ~ in an alkaline oe11 can 
. ---.-·-witt.-n-u • 

zn _,. zn+2 + 211· 

1n+2 + 2oa· -+ lnO + BzO 
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'iiJ aa dl80Mzrfe.naaticm at '2ae llDD2 oatllDM m •mt.tau: ..... . .. ..• 

' 
I , 

ft• net oel.1 r•otion i• 9ivu 1'y tba adti1:J.on of thue 1:bne 

reactions: 

ftwa, it can bit ... that vat.er i• aonamae4 by t:ha ·naation. one 

akilld in tb• art would expect. tba't if the uomat of aotiva 

u1:erial• in a ae11 ia inonaaed t.ha aotm' ot KOR electrolyte aut 

be proportionately inaraa•lllS ao tbat enoqb vater i• preaant to keep 

the cell from drying out.. Xf an alb.l.in• call baaoau too dry due 'to 

water depletion the performance of the cell datuioratu. Appliaants 

have discavered, however, that th• aount of active material• can be 

increased w11:hout inerea•in; th• amount af aqueous KOH electrolyte 

over that used in conventional call•. In otber words, the 2:at.io of 

Zn/lCOB ( aaaaing a. oona~t molarity of KOB electrolyt8f·can ----· 

increased over c;:onventional ratio• ·without affa~in; call 

parfonaance. !'hi• is diacusaed in greater 4ab.il below. 

----------··-- _, _ 

_ "'t:...~~c •·· . . ; - .. , •• ~.(t . .f.i.:.·-t.,.r •. ·,; .. ~: ;.i•· 
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cmwentional alb.line aall• acmpriH a ;allecl aina anodo . 
.. } ~. ... ........ aoirpriw individaal lino mt:a1 puUal•, • 

fallinr ._.., an aacnmt ot a1b1lne 91eat:nlyta, ua4 minor .....a 
of otber addltivu nob u tu•inf inbiJ:titon. A amon 9ellin; 
' 

I 
1a9ent i• a ~oellul.OM .type aUab •• C&rbopol 140. lon-

llaiting maplu Of paain; inbibiton incluc:le inorfanic adclitivu 

such aa intia, i:timtll, 'tin and 1•4 and ortanio inblld.ton •uch •• 

pho•pbat.e'•R~ nab .. RAIOO (Md• - GAP) and anionic and . 
non•ionio aurtac:tants •. S•• tor example u.s. patent .Joa. 5,168,0181 

4,139,0481 4,500,1141 3,tl3,520r 4,913,,4?1 4,455,3181 and 4,115,120 

tor •xenplas of variou anode aixtUru known in 1:bti art. 

bfardl••• of t:he partinlar anode aixt11Z'a employed JJy a H"9rf 

manufacturer tb• amount of 1ino ••tal for a given aa11 11•• (•• val.1 

as the other paraaet.ar• d1•cu••e4 herein) fall• witllin a apocific 

range. ror conventional AAA •i•• cell• it aay raft99 from le>3 to 1.• 
grau or 1.07 to .1.31 ampere-hour• (baaed cm 0.12 apen•bcnar per 

;ram). Similarly, th• volaatric aapac:.t.ty of sino anode• in AAA ai1• 

cell• (dete:mined ))y divi4in9 the capacity of zinc by the total 

----~in ....... tarnal voluu of th• •••led c:ell) may ran9e __ fnm .3815 to .412 

upere•hour par e:m.3 of total internal cell volWDe. It zinc is tbe 

lim.i.tin; electrode (versus th• cathode) th• fare;oin; valuen 

represent tbe maxima capacity ~ volmaat:ric capaci1:y available !roa 

_,_ 
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tbe ca11. limi1u1)", f:Jpioal omaroiallf avaiJ.ple oel.1• of ftber 

•1a• an .-. wi't:ld.a ftZ7inl nnfe8 of 'tbe ot=btlZ' ~ 

&Uaouuad benin • 

' I 

• 

of each. el•otrod• can m incnaaed to at l.-t o. 48 and aoria 

prefanb1y to at least 0.1 upen-hour pa· ,.3 of internal oe11 

volua wit.bout inc:nuinf tb• amount of alec:trolJte.. · ~· 1• 

acbieved :by employing sine clanaltiu of at luat 1.4 vr- of zinc 

per r:m3 ·of ·anocle volmae and 11no2 densitiu of at l•ut 2.7 ;rm 

of 11no2 per aa3 of cathode volume. 

'th• teaturas and advanta9ea of tb• pr•••t invention will now be 

desc:ril:>ed in reference to th• figure 1n a!Ob: 

Fi;. 1 i• a cross sectional viaw throu9h an alkaline call made !~ 

ac:c:ordance with tb• present invention. 

Cylindrical cell 10 ~ri•u auiftf 12 c:loaecl at ib open end :. . . 

· ·-·--_- ---saa1--11aber--i1-i.tnrcrimpe4 -ilr'place. cathode 16 ia an am1alar 

atrw:ture •• shown wherein tba outer surface ot said catboda ce.~~~ 

th• inner surface of the caain; ll&kin; alec=ical contact thereto. 

cathode 1t5 ·1a !omed by atackinf cathode pellets 11a· as sh.01m. 

-·-

-: ... •..-;..? •• •• 
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. oathod• pallet i• sad• !rem. a 1l1xture of *'°2• a oon4~1Y• a9ant, 

and e1eatro2.yta • 

' ' , '•urfacu ot ammlar oatbocle 11. leparator 11 can be any of th• well 

known •aparat:or uterial• auch •• oe11\1loa1a or rayon. 

Ano4e'aixtur• 20 ill located vitllin tile aaparator lined cavity. 

Anode mixture 20 •• cllapenaed ccmpri••• zinc part.tclu, alknlin• 

elec:trolyte, a pl.lint apnt, • cme or aon P••inv inhiltiton aucb 

•• 'tb• onu 48•crilMl4 above. General.1)'1 t:1M •ino and alkal.J.ne 

elactrolyt:e togetber ocmpri•• up 1:o about ltft, and aon prdU'UlJ up. 

to about eat >:>y vaipt of tb• aixture. n&ct pl1in; ·~ coapr.l-

up to eout :st, ancl more praterU.ly up to imaut · 1t 1'J' weight ot the 

mixture and th• 9aaaing inhibitors cozpri•inCJ up to about lt. by 

weiqht of the mixture. 

Anod~ collector 22 puses through •eal. aabar 14 and into anode 

mixture 20 aa shown. Th• upper end of anode oollac:tor 22 is 

connected 'to na9ative end cap-24'--aa-ahown-,--Whioh end cap aanrea as-­

the ne;ative external terminal ot cell 10. Adclitionally, an uount 

af·alkaline electrolyte i• added to.th• ca11·wnicb become• 

cH.atribut.ec! i:.brou;hout the anode, catbod.e, and ••parator. 

-·-
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Ille ....-t !srNntd.OA ill t.1e4 DD 1dae iliteoYMY t.bat 1W IDB 

el•otn1yte relative t:o t:tae aaou.nt ot slno m i. ap1oye&I 1ind ftill 

obtain efticient di•c:tbU9e (this ill aontruy to long held Mli•f• in 
t 

' , 'the batazy 1n4ut2:y 'tbat th• electrolyte aount. could not be lowered 

if sore active •terial• are u,d). As a :ruult, tu density of tbe 

.line in tb• ano4a atl:Qotm:e.c:an H :lncn:eaa<ld.. Preferably, the waipt 

ratio of sino w ma ia a1: least. 1.a11, aid aon praf..Uly a't luR 

3:1. Suob incraand -.i;ht ratios of lntmll reaulta in a dtansity of 

zinc in the anode volume of at 1-t 1.4, more praferGly at least 

1.6, and most preferably at 1-1: 1.7 ;rais of 1inc per aa3 of 

anode valmaa. With .on 1ino added to tha anode versus a 

conventional oe11 it ia po••:l.ble, npril••• of oa11 aiaa, u bave 

the ratios of th• .capaoiqr of tb• •inc anocle to tb• internal vo1uaa 

cf the cell at l~lt aa hi;b aa o.41 ampen•bour per m3, uld aore 

preferal:>ly at least o.s ampere-hour per atA3. 

Th• improvaent in diachar;• •ff ici~ of th• zinc anode 

re•ul ting ~rom a 11o:re dense anode 1·u to the further d.iaoovea17 'tlult 

·---the prior .-be~ef tbat tbe cathode inatfioiucy was tbe dominant. __ _ 

factor in overall cell performance was incorrect. The amount of 
. . 

conductive agent provided in conventional alkaline cell• (u much as 

12t by wei9ht in •oae cell aizu) •• wall r&• tile dansit:y of MnOz in 

_.,_ 

This Sheet Has Been Replaced 

I 1111111111111 1111111 1111 
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t:b• aatbode atz'Qatun (on tbe order of a.a to •·'' vrau per a 3 of 

~' .... 901-) .. - ba1p bpnve t:b.e •Gode elflciancf. 

ftenf on, in ......._ wltb tbe ~ ~Oil l•• OOll&luftive 

agat ill prov.t.cled in t:be c:atllode wbenbf th• aount of 11no2 can be 
'· 

I I inc:r..·•· aua, 1:be llnOa oapaai1:y oan - kept in relative Mlance 

with th• in=-• sine aapacity. Pnfm:a:Dly, t:b• ratio of t:b• 

. Kn02 capacity to tbe aim: aapac1ty ia between 0.1111 to 1.1:1, and 

aore praf•rNllJ i• J:aetvaen 111 aiad 1,1:1. W1tb un 11no2 added 'to 

the cathode YC'llUS a conventional aa11 it ia pouib1a, ragarclla11 of 
call •ize, to have tbe ratio• ot th• aapao1ty of the xno2 csathocl• 

to th• int:ernal volUM of th• oa11 at l••t u hip •• o.•a 
upare•bour par cm3, and more prefttrCJ.y at 1-t o.s ampar..-hcmr 

per c:m3. !be cleuiqr of the 111102 l• al•o ltli;her than tbat. 

conventionally uacl and 1• pretez-Uly at least a.1, and more 

prefercl)' at least 2 .a frlU ot Jtno2 par m3 of cat.bod• voJ.ae. 

Soma ~ttazy unutacturan have uploylld a hi;h dens.t.1:y anode 

similar to th• anode .of th• preaent invent.ion, lnJt they bave not 

correspond.ingly al•o lowaracl th• amount of •l•c:trolyta, lDWerad tba 

uount ot conctuc.tive agenL.i!L th• cathode, and 1nc:raasad-.th11--aount-­

of *'o2• '.L'hua, the •pacific combination of cell paruatera 

enccmpasaad by th• appended claims bava not previously been combined 

wharey the cell performance realized by t.ha prBant: invant:ian 

-·-

.·· .. -........ : .· .. ~-. -: 
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put.l:r --- 'f:laa't vbiob 1• uta:l.nabl• lDf a-.ro.lallf ava.U.ab1• 

··.'.fi 11a21De ~-· ""' 
ft• features an4 advanta;u of tu pruant invention wJ.11 now be 

I 

, 'daonauatd in th• !ollowing exapl• • 

Thi• example dacmftntu the improved pertomance of 11 AAA •i•• 
oall ud• 1n accordance witb t:b• pruent :l.nvenUon •• compared to a 

• 
conventional AAA sis• oa11. 

A conventirmal AA& •i•• al.Jcal.t.n• N11 baa an inanal -,,•01-. of 

z.84 cm3 •· i'h• aino anode compi:iau 1.1 crnu of 11nc at a danaity 

of i.24 ;rua per am3 of anode volwna. TJ11 v011Dlltric capacity of 
the zinc anode i• .435 ampere-hour per cm3 of inteznal call volume. 

The Mno2 cathode comp2:'i•• 3.6 gr- of Ml'l02 at a derulity ot 2.58 

grams per ca3 of catbocle volae. Th• vol1metrio oapaai ty of the 

Mno2 cathode i• ,474 ampere-hour per am3 on internal cell 

---------- -~e-elac::trolyte compriil~• .66 9rau of !OB so-tbat--tb·-•-­

wei9ht ratio of sine to KOi i1·2.3:1. 

A AAA alkaline call aade in accordance wi1:b th• present i.-:v!!..~~!-

_,_ 

: .. ~--:. ~ . ·'. ··:.. . .... :.<;. 
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u. an intena1 volmaa of 2.14 •'· ea 1ino ~ acmpri11• 1.1 

p:aa ot alu a a dmlqt of 1. '' 1rm iper ra1 of anDde voiaa. · 

D• volUMt.rio aapacd._. or tile aina U.S. u ·•• ~ per 

•' of intena1 ael.1 volaa. '1'be lln02 -~ ooapri•ea 4. 2 tr-
' 

, •'of xno2 at a density of 2.11 vr- per aa3 of oatbocle volaa. 

Thi volmtrio capacity of the Jln02 oat:bole i• .NI upee•bour per 

aa' on internal oal.1 vo1aa. De aleotrolyt:e aoapri•u .54 vrm 

of lCDB •o that tb• weight rat.lo of .ii.no 1:0 ms is J.2:1. 

Cell• ot each 'type are· cU.saharfd udar th• fo11~ing tuts. A 

•racU.o• s!aulation tut conai•ta of ti•cbllrVinv a oall aaroaa 71 o1ma 

for 4 boun per day, nae ~1 ft'"'Mr o! houn ~ 0.9. volt 1a 

measured. A oonvu1:iona1 AAA cell ucl• a11 deac:rlbed above pZ'OYU.. 

64 houra ·of uaafUl diacbllrga Wlulnu a AAA aell in accordance vit:b 

the p;eaent invention, •• da•oriM uova, providH 71 bour11, a 11t 

improvement. A •pb~f1a•b• aiaulation tcl•t consist• of cU.aabargin; 

a cell aero•• 3.6 ohaa for 15 ••cone!& eve~ ainute.- 'fh• total nmmer 

of bour• to 0.1 volt. ia aeasurad, A convcmtional 11.l aa11 provic!u 

6.12 houra of uaetul 4i~c:barge Whereas a AM aell in aaaarilanoe witb 

th~ __ preaent invention provides '. 4? ~o.~a L.....L.6t _1-provua_en.tL..-..... 

-10-
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A convanticmal Al aiaa a1kl1in• aeU Jiu an intamal voluae of ' 

m.'3. !M sine anode oompria• 3.1 ;rm of 1ino at a dmity of 

1. 4 trau par •" of &nOU volaa. lb• w1maetric aapaci ty of th• 

sine anode ia ·''' apen-boUr per ca3 of i.nttlma1 cell volae. !'be 
llnOz ca1:1lode acmpriau 1.31 trm of llnOz at a clenaity of 2.11 

vras per aa3 or oa1:ho4• vol••· a. vo1aetric aapaaity of the 

Mn02 cathode is .107 upen-hour PC' •' .. ot in~ cell -
volume. 'l'he alact:olyt• ecmprisH 1.t& graaa of mm •o that t:be 

vei;ht. ra1:.t.o of c!no u XOR 1a 2.111. 

· A .AA alkaline oell ade in acco:r:danoa with the preaat :bmmtion 

bu an inta:nal vol ma of 6 oi'. lb• lino anode compri•• 3 .1 

grau of 11nc at a 4anaity ot 1.1 fZ'&U per oa3 of anode voJ.ae. 

!be volmaetric capacity ot 1:1\e zinc anode ia .ss.,-apere-hour per 

r:a3 ot intemal call vol••· Th• Jln02 catboda ccmpriau t.J .;rm 

of xno2 at a density of 2.t graa per aa3 1i:.f .cat.bode volma. Tb• 

voluaatric oapac::ity of the llnD2 catllocle is .57 ampere-hour Jter 

ca3 on int.emal call volume. Tb• electrolyta.aoapri•u 1.21 vr­
ot JtOB •o that tlle weipt rat.io of sine to BOB ill s.111 • 

. \ 

,;•. ~"' .. ·. 
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ce11a d eaa1a _,. m diaabU9tld \11111ar·tlaa to1.1cnrinl 'l:eft. A 

•photofl.ub• aimlation t:eR 'aonsinll of ti8crbarfinl a oa11 aaroa• 

1.1 oh1la for 15 .. concb every almlta. ·'DI• u1:&1 amlHr or hours to . . . . . 
, 'D.9 volt ill aauuracl. A oonvantional M oel.1 prov.I.du 1.2 hours of 

uaeful di•charf• vharua a 11 call in aoaorclanca with the present 
.. 

invention provides 11.1 houra, a 2et illprovaent. 

!'hi• exaple deaoutrat:ea th• iaprawd pertomanoe of n c a.lie 

cell made in aooordance with tb• prnent ihvention u c:ompand 'to a 

conventional c •1•• oal.1. 

A conventional c size alkaline call hia1 an internal vol~ma of 

11.a c:za3• 'l'be'&inc anode comprl••• 10.4 ;nu of mines at a den11lty 

of 1. 4 ;rams per m3. of anode volume. !'hi• volumetric aapacsi ty of 

the zinc anode .f.a .45 apere•bour per cm3 of internal: cell volmae. 

Th• Mn02 catbode ,COJllpZ!isu.--25 vr--0f-JlnQi--at-a---den1.£.~r--oH..t-. 

grus par ca3 of cathode volmaa. The vol1metric capacity cit tbe 

MnOz catl'locle i• .49 ampere-hour per cm3 on internal call volume. 

Tbe •l•=t:rol)'U compri••• '·3 vr- of KOH •o 1:bat t:ha weipt ratio 

of zinc to KOi ia 2.411. · 

.. -~· . .- ·..... . .. : ~: .. . •.. . .. ;· ~ ... 
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A c •ill• alkaline aa11 •4a in uoo:danoe vitl:a the pnunt. 

.... bnnt:ion bu an ~ vol .. of 11.1 -'. na •!.no anode 
:~·-· aapz-im u 9:rm d abo at a 4mitr ctf i.e pm per J of 

anocta vo1uaa. nae vo1 .. u10 aapaol- or tba •inc anode 11 .53 
' 

, • 'ampere-hour per a3 of intenal oal.1 volaaa. De 11no2 aa1:bo4e 

oompriau 27 tram of xno2 at a cleuity of 2.1 tnu per ca3 of 

cathode voluae. ft• volumetric aapacitr of tile Bn02 catho4e i• .53 

&11i!9t"e•hour per Ciiis on internal oai1 volmaa. ft• al~lyte 
comprill•• 4. 2 ;ram of KOB ·~ that th• va1ight ratio of zinc to KOii ia 

cal.la of eaob type are cliacbu;ed andar tbe !olloviq test. .a. 

•flaahlipt• aiJIU.lation taat consists of d.iacbaqinf a aa11 aonu 

3 .1 ohu for 4 ainutu per bour tor eipt hours, '!ha total mmber ~~ 

hours to 0.1 volt i• .... vec1. A conventional ·c oall •II• aa 

desc:ribed above providu 1•. 5 hours of unfvl 4iaeharge wbtareaa a c 
cell made ~ accordance with the preaent invention, aa deaoril>e 

al>oVe, provide• 20.'7 hours, a 12t iaprovaant. 

~i• •x•aple daonstnt•• the improved performance of a D •i•• 
cell made .in accordBDce with the present invention aa com.pa.r•d to a 
conventional ·D •i•• call. 
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A oonven~ai D •i•• a1Jra!ine oa11 ia• an intemal volw ot 41 

-'• aa dDa Wiiie OCllfl'iw Z' pm Of Una at a dm11."J' Of 1.1 

grm ,_. m 1 of - volw. l'be Yolaatria oapaal_. of 1:lle aino 

anode i• ·'' ..,...hour per m1 of :l.ntenal aa11 volmna. ~ 
' , · lno2 oatllod• acmpria• 53 trm of 11nOz at a dwity of 2. 6 ;rw 

per c:m3 of aatliocl~ vo1.... 'a• vo1mtr1a capaotqr of tbe ~2 
cathode i• .47 ·apen-boar per t:a3 on intarna1 aa11 volaao 'l'Ae 

eleatnlYt• acmpri- I. 7 grm of ·IOB •o 'that 1:be vai;ht J:atio of 

line to BOB ii 2.411 •. 

A D •i•• alkaline ae1l •d• in acsoorch.nca vith ~ pru~t 

invention hu an intezftal voluu of 41 cm3. a. aino anode 

ocmpri•e• 25 ;rua of 1ino at a density o:r 1.1 graa per cm3 of 

anode voluaa. 'l'h• velaatria aapaaity ef tll• 1ina aneda i1 .1 

· ampere-hour pc ca2 of internal cell volw1e. l'h• KnOa cat.bode 

compri••• 57 ;rum of 11no2 at a density o:~ 2.1 grmu per CllJ ot 
cathode volume. '!ha volmaatric capacii:y •:tf 'tb• llnOz aai:hodl• is .11 

ampere-hour par =3 .on internal cell volm•. 'ale e1eat:rolyte 

CIOllpri••• 1.1 ;rm of BOB ao that 1:b• va:Lfht ratio of zlno t:o KOH i• 

z.ttl_!.. _____ ··---···· ·-------·---

Cella of each type are diacbargacl under the following tast. A 

•flaahli;ht• •illulati~ tut oanaiR• af cli•abarv.in; a cell aaroaa 

3.2 oua for 4 11inut•• par hour for ai9ht hours. Th• 'tobl nmmar of 

hour• to o. t volt 11 ••••ured, 1 conventional D call Hde aa 
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d..aribmd ucrn pnvicles 20. t !lom:'9 oi iiaatu1 diaallar'f• a.-- a D 

oe1l ill aGCIOl'dnM vf.D 1:be pzuant ilwG&ticm, U duoriba alMwai 

pzw1du 21.:s ..... ,, ~. 

, 
I 

I 

Dil• tile pnvioa examplu Mt fo:tb speoit1c f•tmu of 

a1Jcalina cell• Mela in a~oe with tbe pruent invention they are 

intended' only.as examp1a or tlle invention. Various chan;u can be 

•cl• to 'the cell aou1:ftot:ion an4 aaapOMnts and still raain within 

the spirit and aaope of the invention u c1aiu4. As used in the 

alaiu, any reference to tll9 •ad.no eapad.tyt' .la based on 0.,12 

apare•hour per pa of aina and anr nferenoe ~ •Hn02 capacity• 

i• buect upon o.37 apen-how:' per gra of BnOz• 

-11-
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1. I. priaarf elec:t:roohmiaal c:all bavinf an anode enprl•il"I alno, a 

aathocl• acmpri•lnf anvan- ·dioxicla, aD4 an a1kalin• ele=..!90lyt.a, , 
I . 

, ' all operatiYely •••ociatecl within a cy1!ndr!aal cuing •••1•14 a1: its 

open end - a w1· maber; whenin th• inner ~acu of Hid ••al 
aemMr ~d cuinf define th• ini:ama1 vo1u• of aaid ce11J wbuein 

th• ra'tio'of the total aapaclty of .. c:b of tb• anode and cathode to 

th• internal volaa of .th• call uc::b exceada about 0.41 ai:lpere-hour 

pc aa3 or internal voluae, and the denait:r of sine in th• 11nod• 1• 

at l•••t 1.a vr- per ca3 of anode vol11U U4 tla• cla11.t.ty Ctf 

manvan••• CUoxi4• 1a at 1•••" ~.a vrau pe:r cm3 of a.tbod• voluaa. 

2. Th• primary alkaline cell of clala 1 warain th• alactrolyt• 

comprisu potaaaima hyGroxid• (XOB) and tba ratio ot the ac·unt ot 

zinc to the amount of KOH is at lea•t 2.1 ;ras ot zinc per ;ra of . . 

IOB. 

3. Th• primary alb.line cell of claim 1 wherein the electrolyte 
------~---

compri••• potaaaia byclroxid• (KOR) and th11 ratio of the amount of 

zinc to th• amount of XOR i• at least 3 P'Ull of zinc per gram of 

BOB. 

4. The primary a1Jca1:1.n• call of al.aim 1 wherein tb• ratio ot tb• 

volumetric capacity of 11&n9an•••·dioxid• to the volumetric: c:apac:ity 

-···-----------------·-·· 

111111111111111111111111111111 
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1. 9aa p:illaz7. a1Jm1ine ·ae11 at olab 1 wMnin t!l• YD11i1Rtr1C 

crapacity of tile sine anode (baaed on 0.12 A-111:/fl"UI) and ~ , 
' I volmaet:rio oapaaity of ~· unpnu• dicwJ.cl• (Had on 0 .3'7 

A•Br/VlU) •ah excaeU al:Mmt 0.10 ampere-hour par IS~ of internal 

volmae and the danaity of alna in th• uacde 1• at lust 1."I vrau per 

•3 of .Docte volume and t.b• 4ansity of aa.n9anua 4ioxid• 111 at 

least 2.9 f%'US Per m 3 of catbo4• vol••· 

1. An alec=ocbaiaal call havin; an_ anode compri•in; zinc, a 

cathode acmpriain1 Un;anua tioxid•, a •apant.or bat:w•an •aid anocte· 

and cathode, &IUl an alkaline e1ectnlyte aoapriainf potaaa:l.a 

hydroxicl• (BOB) all operatively aa•oaiate4 vi1:1dn a cylindrical 

open-ended oa•in; •••led at .t.ta open end by a 1eal llUIHJ:, wherein 

the inner surtacea ot aa14 aeal member and caaing def in• 'tlie internal 

volume of aaid cell r Wherein aaid cathode 1• an annular atnctun 

havint; its outer ~all contactin; th• inner wall of th• cuin;, said 

••P•rator linu th• cantral cavity of tb1 annular c1thod1, and aid 

·-----zinc anod• residu ·withi~• ·- aeparator-ltned-cavi1:y.,- ·we-ruin tba 

intamal volume o~ the call ia 9raater tblln 16 cm3, the ratio of 

th• total capacity of ••c:h of the anode and aathocle to the internal 

· volume of tb• cell' each exceeds about o. 411 apare-hour par cm3 of 

internal voluae, the.density of sine in tl'le anode is at lust l..4 

grams per cm3 of anode volmae, and th• wa:lp1: ra~io ot zinc: 1:0 

111111111111111111111111111111 
* C L M S * 

::. \.r ..... ~ • . • " - . . -.. :-/,tr .. "<!~: .,. .~ .:.1 ' •. - • ~· • -·-



449 6934 
4-11-96 16:38 ;CURACELL ........ · 

449 6934;#22/2! 

,(~-~ ··-···- . ·--··· - .. 

. . . 

poU••i• ~ i• at lust a.111. 

7. naa el~aa1 aa11 of alab I V!lerain tile density of 

unganue dioxide in Che oathocla ~ 1tl at least a.1 ;r- of 
' 

, '~an••• dioxlda par oa3 of tile catbocle vo1aa. 

a. Tb• elecrtroobaiaal N11 of olaia ' vbenin · th• ratio of th• 
' . 

volm•tric oapac11:y of llM'l9anu• dioxide t.o i:be volmae'tric c:apaci~r 

of zinc i• betwun aboflt 111 to 1.1:1. 

t. An •l•ct:roc::baioal cell ~ving an anocle aoaprilliluJ zinc, a 

cathode coapria1n1 unpneaa dioxicle, a sepantor be~waen Aid anode 

and cathode, and an alJcaJ.ine eleat:rolyte c:aapri•in; pota••i• 
by4roxid• (KOH) a11 operativalr •••ociated. within a GJ1indrioal 

open-ended casing sealed at its open en4 ~y a -1 11aber, Wherein 

tbe inner surfaces of aaid ••al mabar and casing clef in• the internal 

volume of aaid cell; wherein •aid cathode i• an annular atrtictura 

havin9 ita outer wall contaoting th• inner wall of 'the oaaimg, aaid 

separator line• tb• central cavity of th• annular oatbod• amt Aid 

zinc · anOde ra•ldu .. wit.bin the nparator lined cavity1 whmift tb• 

internal volue of tb• call ia 1u1 than '1 aa3, tbe ratio of the 

total capacity of each of the anode and catbod• t.o the intet-nal 

volume of the call eaab exc••d• about 0.1 apare•hour per cm3 of 

int.emal voluae, 'l:be dtm•ity.of zinc in th• anode 1• at l••t 1.'7 

vrama per c:m3 of anac!e volWlle, and th• weipt ratio of 1inc to 

-11-
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u.nvanu• tioxid• in 'tile ca1:bode ~· 1• ·~ lea•t ·2.1 trm of 
' , 'm;anu• cU.oxicle per oa3 of tb• aat:hoda voluu. 

11. '.rha alecrtroabaioal call of claia t vberein th• ratio of th• 

volaetric aapac11:1 of un;&n••• dioxide to 'tb• volmaatric: capacity 

of zinc is ttetween Bout 111 to 1.1:1. 

12. A •AA• •i•• altalln• e1ectroahaica1 c•11 ccmpr!.ain; a aatbode 

having in axoua ot ~ ampere bom'• of aan1an- dloxid• (1'a•e4 on 

.3'70 upare-bom: per gram), an anode havinf in m•• of :s aapara 

hour• ct zinc (baaed on 0.12 _,.re-hour per gru), and tdl_..in tJae 

11no2 dena.t ty 1n th• cathode i• 1n -~·· c:tf 2 .11 vr- per m3 of 

cathode volmae. 

13. A •AU• •i&• alkaline alectrocbaiaal cell comprising a cathode 

having in exc:••• of 1.3 upere hours of un;anua dioxide (J:»uad on 

• 3?0 ampere-bour per gm)-, an--·anode-having-ilracaaa of 1. 3 ampere 

hour• of zinc (baaed on o.82 ampere-hour per gra), and wherain the 

111\02 density i• in axaua of 2.1 ;rau per aa3 of .catboc!e volume. 

14. A "C" aiza alkaline elac:trocheaical cell ooapriain9 a aai:bode 

having in axa..a of 8.5 ampere bour• of -.n;an••• dioxide (1'a••d on 

----------------------------·--· 
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.:110 ......-hour per pa), an~-· uriDJ ln __..of 1.1 apen 

uan of a- (lau.S a o .• u • .,....._ par tna>, m wtam.'ein De 

J1DDa daait:r in 1:be cratbcMte 1a ill -... of a.' trm per m' of 

aat:.bod• volm • 
• 
' 

l!S. A •D• •i•• a1Jca1in• e1eot:roohaiaa1 oal.1 aapri•int a aatboc.te 

havinf in ac•• of 1t apere houn of a&n1aneaa dioxide (bo•ad on 

.370 ..,.Z.a-bciu per pa), an anode having· in exoa•• of 11 ampere 

hoUra af zina (ball4 an o. aa .,..-11wr par vna>, Id lb1J.-.in ~· 

MnOz density in tb• ca1:bod• i• 1Ji exaea1 of a. 7 vrau pc =I~ ot 

oatbod• vo1mae. 

·--··------
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