2 9 AUG 2005 COVPOSI TIONS, ZI NC ELECTRCDES, BATTERI ES AND THEI RIMETGICERS50F
MANUFACTURE FI ELD OF THE | NVENTI ON The present invention relates to
conpositions, zinc electrodes, batteries and their nethods of nanufacture.
In particular, it relates to rechargeable zinc cells incorporating such

el ectrodes as anodes. BACKGROUND OF THE | NVENTI ON The potenti al
utilization of zinc electrodes in rechargeable al kaline electrochem cal

cel|'s, L BuiRrrir6Ns AT AVnekerZEftoraal t CEhRRrTRES ARNY RS8N fBAkinzed okl .

Ni ckel - hinsradtatkgr i es have been demdnstrated to have good performance
criteria, including: i) energy density of 55-85 Wh/kg, ii) power density
of 140-200 Wkg, iii) open circuit potential of 1.75 V, and iv) a self

di scharge rate of <0.8% day. However, a number of problens associated with
t he zi nE*EPROFr & BWESTION hat prevent such batteries being charged and

di schar ged fmfessntfiniventiocyekestéo he oéorqq:roa@ti_@rad usenc Thesetprdebl, ens
arise fromthe,_ ProRens |ty eghoc}he zi nc ctrode to %Xhlblt chan scln

s ,0of manu c nre, cul
Shape comon y re erre§ sha e ange u on alséharge/c arge

cycl i ngte Steghe rghanige ziisc @eddgyednwpphetm t;bpm@lyeccbtoqidfﬁe azi meoassect r ode
di scharge products in the alkaline electrolyte as the species zincate, Zn

(OH) 42 Eventually, solid zinc hydroxi de does precipitate out-of solution
onto t RRCETROONP oo &6 IR TIBNt this may occur at locations renote from
the discharge reactl on S|te Consequently, upon recharging, the zinc

el ectro beco hi c. n_so l.ocat nd 1hinner in othe This
may occgg O%Ot i utslcal e, ep% zéflgc?Jre &éfé’gg?/\eﬂ O FTAE 3 SlRa1ind
respect iex’f/ed:iyrocmemnm/l belipm tedréotidedreasivgli-hénachatviersasf aces areg of

zinc mehaln st ald i [tl?s Rlcddie , SHE fiageePled ﬂ%vé'ﬂé%ne&&%tn ‘89&%@1 LD @ddition

to shape change, the phenonenon of zinc dendrite growh also takes place.
Dendr i t@oaﬁicﬁﬁcrﬁ%%%rtﬁescﬁh‘éﬁltaedé‘b‘b@dtlpgn of zinc nmetal on recharge takes
pl ace at a collection of points on the

i) energy density of 55-85 Wh/kg,
ii) power density of 140-200 W/kg,
iii} open circuit peotential of 1.75 Vv, and

iv) a self discharge rate of <0.8%/day.

However, a number of problems associated with the zinc electrode exist
that prevent such batteries being charged and discharged for sufficient
cycles to be of practical use. These problems arise from the propensity
of the zinc electrode to exhibit changes in shape, commonly referred to
as 'shape change', upon discharge/charge cyciing. Shape change 1is
caused by the solubility of the zinc electrode discharge products in
the alkaline electrolyte as the species =zincate, Zn {OH) 4}.
Eventually, solid zinc hydroxide does precipitate out of solution onto
the electrode surface, but this may occur at locations remote from the
discharge reaction site. Consequently, upon recharging, the zinc
electrode becomes thicker in scome lecations and thinner in others. This
may occur on a dJgross scale, where electrodes swell or fracture
respectively, or may be limited to decreasing the active surface area

of zinc metal crystallites on the surface of the zinc electrodes.

In addition to shape change, the phenomenon of zinc dendrite growth
also takes place. Dendrite growth occurs when redeposition of zinc

metal on recharge takes place at a collection of points on the




2 9 AUG 2005 2 electrode surface, rather than as an even distributj ®MUs 2035
across the entire surface. The source of zinc material for reduction iIs
not the precipitated zinc hydroxide, but the dissolved zinc in solution.
Narrow needles or dendrites of zinc netal grow fromthe el ectrode surface
and eventually forman internal electgical short to the nickel electrode
causing the battery to fail. A nunber of different approaches have been

at t enpt edetioragegatefore, prevent thw eff esi seoén shapeichahge andsderdhei t e
growt h. e};p?lsee s%rr%acé.orTh t @%ugpéto:?a{i 'c &99&?&%%&?&5@&?_‘09915 t}?ots hlébl lity
of the zinc electrode oﬁscharge products In the electrolyte. This has been
at t enpt 84eBiPITEARE | TACI BRSr TG IeheP Wi iEcefeol vek Zderi Ve sphgsion. eNagtavol yt e
and sepakadndss ort Benddkberof GiREEMEH1 Growt firf tHeNdrdtesde threngh drlse
separ at or _whi (ih ot herwi se, woul d. short the cell. These npdifications are

summar i SEETHRITEDFRE™ 1233, THEFBH TABIELT3L AT Vs THD BHE e i G- IRESs
show ngcianptay ete pertfterpancecaiAddi ti ve Refs.  Acetylene black [2] Ca(OH)2
[3] CdO[4] Oganic polynmers [5] Zn alloys [6-8] SnO or Sn(OH)2, PbO or
Po(OH) 2 [9] HgO + organic binder [10] Ba(OH)2 or Sr(OH) 2 [11] TABLE 2.
Addi ti vés tigbehec€l detFvignte aivoakeies nprvsy et eperdtoenpirce Additdare Ref s.

ZnQ, (Nlﬂﬁ’f)avgrﬁsthézelffe@%%bgf‘asth%lpéaéﬁa%gblg‘ﬂld dehANBre [;14hen Ark¥ie %trg,erﬁxof

ol r opyl enegl ycol 15 xtures of fatty acids salts, fatty acid
gstgrgp[t g]ymostg p%rt,) f[ocu]sed on decreasing tl%/e solubility of they zinc

electrode discharge products in the electrolyte. This has been
attempted by modifications to the zinc electrode active mass,
electrolyte and separators, the latter to prevent growth of dendrites
through the separator which otherwise would short the cell. These

modifications are summarised in Tables 1-3, below.

TABLE 1. Additives to the active mass showing improved performance

Additive Refs.
Acetylene black [2]

" Ca(OH)» (3]
cdo {4]
Organic polymers [5]
Zn alloys [6-8]
5n0 cor Sn(OH)., PHO or Pb(0OH), [9]
HgQ + organic binder [10]
Ba (OH)2 or Sr(CH), [11]

TABLE 2. Additives to the electrolyte showing improved performance

Additive Refs.
Zno, (NH4)2CS [12]
Carbonate salts [13]
Et4NBr (14]
Alkyl ethers of poly (propyleneglycol) {is]

Mixtures of fatty acids salts, fatty acid esters [16]
aliphatic alcohels & hydrocarbons
Fluoride salts and hydroxides [17, 18]

TABLE 3. Additives to the separator showing improved performance

Additive Refs.

Carboxymethylcellulose [19]

Sucrose fatty acid esters [20]




al i phatic al cohols & hydrocarbons Fluoride salts and hydroxi des [AJ,AUB]2005
TABLE 3. Additives to the separator showi ng i nproved perfornmance Additive
Refs. Carboxynethyl cellulose [19] Sucrose fatty acid esters [20] 2 9 AUG
2005 3 Sorbitan fatty acid esters [21] Bocharov et al., USSR SU Patent No.
1 457 760 (1992) [16], disclosed an ejectrolyte for a nickel zinc battery
containing Cl10-Cl6 fatty acids as a mixture together with a nunber of |ong
al kyl chai n é&stlkeitsin dkcighaelcsd asickrsydr ocar bons that exhi biiged i nproved
performance. Okabe et al. in two patents described the use of fatty acid
esters of sucrose, Jpn. Patent JP No. 07 161 376 [20], and sorbitan, Jpn.
Pat ent BIP'NFPV 67184: 3P5SR B Pabont é@-oh HTCKEP Fi%He) bt er fissepardtédrs to

i nhi bi t cgeovtd yob dendr int 8sel MHiGWOhat g %@Hmriﬁﬂ?-cﬁolclis srdmst aptobakl e
that in this strongly alkaljne electrolyte, hydrolysis of the f?tt acid
esters GeBLFET0 WRETH T Ha e FREFy ORI T PHEY e e Bc b BTy e 2 Lot et

t hese madilfhghabcensonmerbatshowibl ted Nopovesd e rperd-oweance of nickel - zinc
batteries at | ow charge and discharge rates, there is still a need for a
rechar geabl e nickel -zinc battery with denonstrably |ow shape change

t oget hePkabe et lid - abs et pefediehdisisceilgbwii ase migfatehargel gaderd sdhar ge

rates. khctssd,hepgf osp-a0 PRCt 00f14he7Rr e5ENt AhAVENHi08n ! Q. O¥h 8 ra
rechargeabl e zinc el ectrode and rechargeabl e zinc cell which go sone way

t owar ds YacAPeviPhiglt nt & dEsilderatbnd oF BHEket 12485t PRTRAYISPREA T HibIS% wi t h
a usef ulinoheitC groStMAERY e ir {EHE t ARl ON Aceapaidngl. yIt iiz Acdt pebbasipect
the pre L v i 0 royj d n_activye onposi.tion for use._ln preparing
a zinc §§§%t?§dgg%%c$ﬁ%Fﬁé¥ gfk%}ﬁaguFégc%(ﬁfgﬁt %gﬁé ygl%foexfé?iﬁﬁggh an
oxi di sed@candeEere etltied §@aﬁ4gldaﬁmp free fatty acids in the electrolyte.

Whilst these modifications were shown to improve the performance of
nickel- =zinc batteries at low charge and discharge rates, there is
stili a need for a rechargeable nickel-zinc battery with demonstrably
low shape change together with the absence of dendrite growth at high

charge and discharge rates.

It 1is therefore an object of the present invention to provide a
rechargeable zinc electrode and rechargeable zinc cell which go some
way towards achieving this desideratum, or to at least provide the

public with a useful choice.
SUMMARY OF THE INVENTION

Accordingly, in a first aspect the presént invention provides an active

composition for use in preparing a zinc electrode including:

a) a source of zinc capable of existing in an oxidised and a
reduced state; and

b) at least one compound selected from the group consisting of Cg-
Czp fatty acids, salts, esters and other derivatives thereof,
and Cg-Csp alkyl sulfonic acids, salts, esters and other

derivatives therectf.

In a second aspect the present invention provides a method of preparing
a composition for use in preparing a zinc electrode including the steps
of:




b) at |east one conpound selected fromthe group consisting of 266 AUG3@005
fatty acids, salts, esters and other derivatives thereof, and C6-C30 al kyl
sul fonic acids, salts, esters and other derivatives thereof. In a second
aspect the present invention provides a nmethod of preparing a conposition
for use in preparing a zinc electrode gncluding the steps of: 2 9 AUG 2005
4 Preparing a first precipitate of zinc hydroxide; Mxing a solution of an
al kali salt @Gkepitimgr 2afG6:+CBO¢atittytaced zior ayde=03&; al kyl sul fonic acid

with a suspem% of swet fanr $te mgﬁaaa' tagft &nd; Adding -a_solution ofy a

salt of a mneral acid he m x provi de the conp05|t|on as” a second
preci pitate; Oﬁhéréfﬁ%Qhé”@@nﬁ@éf??%ﬁ14%§daWﬁFRtaréu%We%ﬁlﬁé 6%i fee ahysdr zi nc
hydr oxi de, apge@ﬁukese } ulilee salt of either a C6-C30 fatty acid or a C6- C30

-al kyl sulfonl aC|d a.third aspe t he present i nvention_provides a
conposi tion 6 e e %V”Fﬁ@ et Rod? EF fhe 3 deORt* hspect O }ﬁ%IWﬁVéﬁilon
In this speckkeeiatd ahetdrenpbelmidn G6- £3&:doatit }yréi:c.lpdSate,nCl udes sat ur at ed,

unsat ur %ggefrnd Ro! Mﬁ@gwl%edis nat %%'tt?zt ogGur [ ddesyyﬁcg/%tr' Chind ALLY

aci ds of to 3 carbonh atons in |engt also ncI es suc fatty acids
whi ch - n&ydaerdider opad 130 Besstipsls tsaﬁ‘edoﬁmetlﬁhehea o @mr@ttsvfubg%ci ta¥e At §§

and/ or Wi chikpcarpesaie ak@matic carbocyclic or heterocyclic rings, fused
aromatic rings or polycyclic systens including aromatic rings. The
aromatic rings may thensel ves be optionally substituted. Suitable
substitllenhstﬁﬂrﬂlushedtahﬁgeg:esaﬁtnrnvenmhbmcpro&hkgd a abkmey +icarrhexyted

hydr oxy, ] ) r The term/ C6-C3 IkyI sul foni c aci ds”
|ncludeby ﬁ%g%eg& ?6%?0 gcgycmg a%%??ﬁJOcare%ﬁﬂg %%% i'n length. It also

i ncl udes such al kyl sulfonic acids which nay additionally be substituted

W th ON@nOEni®IsPecSESt: bHOHS te@R X @ -¢JCOIRYT &L RiAT ORBLINE s CAIRREY&d,I C OF

heter(ﬂ:%gggghrated and polyvunsaturated, naturally occurring and synthetic,
fatty acids of 6 to 30 carben atoms in length. It also includes such
fatty acids which may additionally be substituted with one or more
substituents, and/or which incorporate aromatic carbocyclic or
heterocyclic rings, fused aromatic rings or polycyclic systems
including aromatic rings. The arcmatic rings may themselves be

optionally substituted. Suitable substituents include halogen, amino,

nitro, alkyl, alkozy, carboxyl, hydroxy, amide or ester groups.

The term " Cg—Cip alkyl sulfonic acids" includes alkyl sulfonic acids 6
to 30 carbon atoms in length. It alsec includes such alkyl sulfonic
acids which may additionally be substituted with one or more
substituents, and/or incorporate arocmatic carbocyclic or heterocyclic
rings, fused aromatic rings or polycyclic systems including aromatic
rings. The aromatic rings may themselves be optionally substituted.
" Suitable substituents include those defined above under the term " Cg4-

Cio" fatty acids.

The term "derivative" when used in relation to " Cg-Cs fatty acids" or
" Cg~Czp alkyl sulfonic acids" means any derivative, such as an ester,
which is capable of being hydrolysed under alkaline conditions to yield

the free fatty acid or alkyl sulfonic acid salt.

While component (b) may be a single compound selected from the group

consisting of Cg-Cjz fatty acids, saits, esters and other derivatives




rings, fused aromatic rings or polycyclic systens including aroffthldG 2005
rings. The aromatic rings may thensel ves be optionally substituted.

Sui tabl e substituents include those defined above under the term" C6- C30"
fatty acids. The term"derivative" when used in relation to " C6-C30 fatty
‘acids" or " C6-C30 alkyl sulfonic acigls" neans any derivative, such as an
ester, which is capable of being hydrol ysed under al kaline conditions to
yield therdafee drat t §s-8ai dalylal doplfosut f eniids ackdltsal testahisl eancdonrpﬂwent (b)

my be a.5{ngli¢.compound, S&Jb%%&ﬁéirhésr o Lhe 9k &&%nfﬁg”id Uéﬁhé‘ﬂm%f

fatty acids, salts, esters an rlvatlves 2005 5 t%ereof
and C6- @Bee&ﬂkype§%F¥@ﬁP%n%%@é§,a%%#P@Pt%ﬁﬂéﬁ§dand ot her derivatives
t hereof , enbodi nents in which conponent (b) includes two or nore of these

conmpounds are Iso conte ed. Preferably, onent (b rises a

o 030" PRe R ani o cRePenD PRICCRPET A58, Bofe- o AL B Sreranty ot RE ShEy

aci d, sahEr@maester thereof is a naturally occurring Cl2- C22, still nore
preferably C16-C20, fatty acid, salt or ester. Yet nore preferably, the
fatty acid, salt or ester thereof is stearic acid, or a salt or ester

t her eof Mope gfrafgbhyly t Hbeagete acdAposdtt on eeh@w itheseebmgorentsua)lvand

(b) in cadmxindr e,,-1 ke, prefenl edoaibodisaent sy & he,actiMe CaRPYSi §41QN or
conprlses a mxture of a salt of stearic acid and one or both of zinc
oxi de afff*Zinc hydroxide. In one preferred enbodinent, the active

conposition conprises zinc stearate and one or both of zinc oxide and zinc

hydr oxi i odi refer he ZI arate:.zin
oxi der hy gt e BefafaEadG, PBE, oo RRLar hat "B Coie s R B S e
pref er abkyd0.0581521 ©0. 4ster ghersad.| | nnre preferably fromO0.075:1 to

0.25:1. In another preferred enbodi nent, the active conposition conprises

Preferably, the active composition comprises components (a) and (b) in

admixture.

In preferred embodiments, the active composition comprises a mixture of
a salt of stearic acid and one or both of zinc oxide and zinc

hydroxide.

In cne preferred embodiment, the active compositiocn comprises zinc
stearate and one or both of =zinc oxide and zinc hydroxide. In this
embediment, preferably the =zinc stearate:zinc oxide/hydroxide molar
ratio is in the range 0.0001:1 to 0.5:1, more preferably 0.05:1 to
0.4:1, and still more preferably from 0.075:1 to 0.25:1.

In another preferred embodiment, the active composition comprises
calcium stearate and one or both of zinc oxide and zinc hydroxide. In
this embodiment, preferably the calcium stearate: zinc oxide/hydroxide
molar ratic 1is in the range of 0.0001:1 to 0.2:1, more preferably

0.01:1 to 0.2:1, and still more preferably 0.03:1 to 0.,15:1.

In other preferred embodiments, the active composition comprises
magnesium stearate, strontium stearate or barium stearate and one or
both of zinc oxide and zinc hydroxide. In this embodiment, preferably
the magnesium, strontium or barium stearate: zinc oxide/hydroxide molar
ratio is in the range 0.0001:1 to 0.2:1, more preferably 0.01:1 to
0.2:1, and still more preferably 0.03:1 to 0.15:1,




cal ci um stearate and one or both of zinc oxide and zinc hydroxi de’ 314UG t#i08
enbodi nent, preferably the cal cium stearate: zinc oxide/hydroxide nolar
ratio is in the range of 0.0001:1 to 0.2:1, nore preferably 0.01:1 to
0.2:1, and still nore preferably 0.03:1 to 0.15:1. In other preferred
enbodi nents, the active conposition cogprises nagnesium stearate,
strontium stearate or barium stearate and one or both of zinc oxide and
zinc hydnoxedeandUhethpseﬂﬁxbedlambuqlmpneietndﬂaytlvémrdm@gaesiquncomprxﬂﬁs um or

bari um SLEa! als: s%ggpatf)& deLRy e 0xi Q%agpg*@er ox! 8Lt it BeddiS cLaRGE 00011

0 0.2:1, nore prefera 0.01:1 t 1, an nor e preferab y
o 03:1 ©5 RoIS: 10f2 29ﬂAU@>9@*@5 agl | giyet hyRseHiEte - pr &t erthéd evbedinert, the

active @@ap@&uwomféonmdnsem)ronu(dnl) stearat eal&nﬁ@ﬁuﬁ' lsle ko 84 @A af 6,01

al um ni um arate or both of zinc oxide and zin¢c hydroxide.
' Uhi s SRR ARaREL S GBRe: BFio Lo TH ORI 119105 BoROCH i oo 4F bt

st ear at @reZeEH‘KblyO&l@iB/lhydl’@))Q :de and arciflatmerd préfedabeyrangel cD001541.t 0
0.2:1, nore preferably 0.01:1 to 0.2:1, and still nore preferably 0.05:1
to 0.15:1. Optionally, the active conposition also includes graphite
powder . OPhéPRalagl ullesl aathge graphsi el powder prafuideablsanbompriwesro. Wharo 60%
nmore prigheradd,y +Ha thaﬁhr?l/ﬂe yd&:' FL‘ef@a@lQr ebgpally Bo110,3284, byoMei ght

of the active conposi ) ionally, the active conposition al so

i ncl ude$*5EFEERAY( ﬂ?)tosé‘rf’f 151 stekafpé PHING3PEY Whéf e Peatfielt)ofsalt
i s incl udedacypvef esadsptibe. lead (11):zinc nolar ratio is in the range
0.0005:1 to 0.1:1. Optionally, the active conposition also includes a
copper (I1) salt, for exanple Cu(NO3)2. Wen the copper (II) salt is

i ncl ude@ptpeflervabtlye adtéveoppwesition zilpe hwilades ad ileads (TH tshétr afye

0. 0005: laxbﬂpﬂe IEplwol. awhQUrie aspeciriiheAresenindNveR! i OR f-aui feg,an
el ectrode q§r|5|n a conposition of the first or third aspect of the

i nventi ofifd Priaf arabIRPLAE nEr Zin s el e R0l o NpP P &Y s tAe dctli-ve conposition
applied to a current collector. In a fifth aspect the present invention

prov'de%p%i&ﬁﬁﬂ%%?'%hgna£¥f¥%ak%gposition alsce includes a copper (II) salt,
for example Cu(NOj). When the copper (II) salt is included, preferably

the copper (II):zinc molar ratio is in the range 0.0005:1 to 0.1:1.

In a fourth aspect the present invention provides an electrode

comprising a composition of the first or third aspect of the invention.

Preferably, the zinc electrode comprises the active composition applied

to a current collector.

In a fifth aspect the present invention provides a composition prepared
from an electrode of the fourth aspect of the invention wherein the

electrode has been charged.

In a sixth aspect the present invention provides a method of preparing
an electrode including the steps of: |
Mixing solid alkali metal hydroxide with a composition of the
first or third aspect of the invention;
Applying the mix on to a current collector; and

Forming the electrode.

In a seventh aspect the present invention provides a cell comprising at

least one electrode of the fourth aspect of the invention.




froman el ectrode of the fourth aspect of the invention wherei n26haliG 2005
el ectrode has been charged. In a sixth aspect the present invention

provi des a nmethod of preparing an electrode including the steps of: M xing
solid alkali netal hydroxide with a conposition of the first or third
aspect of the invention; Applying the mx on to a current collector; and
Form ng the electrode. In a seventh aspect the present invention provides a
cel | compeisiapdvathe lceddtiore reflectgentiee ofelithe fourth aspect of the
invention. 2 9 AUG 2005 7 Preferably the cell is a rechargeable cell.
Preferably, the zinc electrode is such that the cell, after at |east 350
charge/@F%%ﬁ&W@ércV%?é@ﬂCaﬁléﬁeﬁﬁ%faﬁdSHF%cﬁﬁﬂgéhﬁaFeebsuéﬁefhat 1Qﬁﬁ§rge

and di sgbar Qﬁaﬁe/tjhgcm{;taelbycﬁéﬁ GAMRInEt§e Wddidl s2ndr hQuEes aneh hal. 5
hour s re ectlng X{ mai ntai ns at | east 55% of the initjal _capacity of the

cell. (219 2 PR el & PUIE W s EUHTP R HhEPTRPT? - 2 P8FS &7] east
1134 chaﬁgeidheuhargespyﬂh@@lyatnehat@@mandtduseharge°raﬁEStmmchnimmﬂ

char ge r he battery are conplete within 2 hours and 1.7
hour s rggpe%$$€g? Qﬁﬁa%n%alns at |least 80%of the initial capacity of the
cell. Waile the invention is broadly as defined above, it is not limted

theretoP@@fJe@bag | ped udes: erbedidmntis ahicwhixh the £oll owMmg, destLdption
prOV|de3 g qgg_ DESCRI PTI ON OF THE DRAW NGS The resent i nvention wll
&serf 89(‘?11

now be ?ﬁﬂaegaef%ﬁ%esanatmf???geréP%r@ﬁﬂﬁ?aF%et¥ﬁ¥%§c68ﬁ$aﬁﬂﬁtng
dr awi ngshatqge whidctiisdriagye eofl the Bashematé cotpagiamiohin 2r eehar geabl.e zi nc

cell of i-nve igure 2.s bat t capacit f a
rechargegglfee ]Pers 28@{ ﬁlyé %%ﬁ&mnvgﬁt?%ans’t gg a #{}%@t |18r11§%) ! ca Fe" t'f?y %er for
dlscharéeﬁdﬁﬁﬂge cycllng.

While the invention is broadly as defined above, it is not iimited
thereto and alsco includes embodiments of which the following

description provides examples.

DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail and with

reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a rechargeable zinc cell of the

present invention;

Figure 2 shows the battery capacity of a rechargeable zinc cell of the
invention, as a function of cycle number for discharge/charge cycling.
Crosshairs indicate 55% theoretical battery capacity at 355 cycles. The
dashed line shows the initial maximum capacity of 83% at 49 cycles
(ignoring brief excursions above this wvalue at cycles 37 and 98-102);

and

Figure 3 shows the battery capacity of another rechargeable zinc cell
of the invention, as a function of cycle number for discharge/charge
cycling. The dashed line shows 80% of the thecretical capacity. The
measured discharge capacity remains above this 80% capacity for in

excess of 1134 charge/discharge cycles.




Crosshairs indicate 55%theoretical battery capacity at 355 cycRds AUth&lls
dashed line shows the initial maxi num capacity of 83% at 49 cycles
(ignoring brief excursions above this value at cycles 37 and 98-102); and
Figure 3 shows the battery capacity of another rechargeable zinc cell of
the invention, as a function of cycle sunber for discharge/charge cycling.
The dashed |ine shows 80% of the theoretical capacity. The neasured

di schar §ETRHFRC PEFCRIATAPN ORI FHR INVHNFIBRY% capacity for in excess of 1134
charge/ di scharge cycles. 2 9 AU G 2005 s DETAI LED DESCRI PTI ON OF THE

| NVENTI ON As_defined above, the present invention relates to new zinc

el ect r od@sdefi@sg P eec hAP GUABRRT AHENE PP SedaRtithi RYY ABR YIEErPdfes. The
appl i canhs tavecRifddausengine eund ddratini s gachi cantrbagy.ovenent in the
performance of zinc cells has been achieved. This inprovenent is
attributed to a | owering of the shape change in a zinc electrode and the
anount Ghedepririceetgrioaeh scaprbeirgdhii éved yhaikneos poridt cag: drpattemeraci d,

or a sal, tﬁ‘ét;?érf%m%&erofd%hé/aéél‘i‘é hhergaf, aEBPeJJ&e a'%%ié’%mpﬁ‘:g fion

of the zinc electrode. In particular, 1n preferred I ments t e
i nventi éA %‘F@lé’é{c?@etozlanéc"tﬁ‘ﬁﬁflal af er‘errﬁP@E’ﬁ‘ ahapge tlFilea Fingc et EEPRB Y af t er

at | eastnadSenahar ge ddicsebargawey ctas beahchi Ghra gpaf:g@rgbgmal@ga faait@s has
been found.,to nmai nt%in suffici ent Iregtroactlve sur f rea on th

el ect rod&*fo BFobi dd‘at TE5&t %5418 RN af PES CI °of T’h@Ct”e
el ect r ogempésitabherofpr eher reﬁucenbmmmaites ofn t e rtbwentd, onit heractéinsl zi nc-

cont ai ni mgcﬁme%a&f et Dy t%n RO L Loty 5 L%&aééfglgaelnof the

char ge/ di'sc rge cycles at hig ar |sc arge rates, has ound to
mai nt ai 7186 pleFierrteel éé%?lba%ﬁ |]\P@5§ur ﬁﬁcéha%? dbRCkIRIce|¥EL POde t o igey ovi de
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the initial capacity of the electrode.

In other preferred embodiments of the invention the active zinc-
containing material of the zinc electrode, after 4at least 1134
charge/discharge cycles at high charge/discharge rates, has been found
to maintain sufficient electroactive surface area on the electrode to

provide at least 80% of the initial capacity of the electrode.

Furthermore, there i1s no discernible relocation of the =zinc active
composition within the cell, either on the separators or the walls of

the container.

The rechargeable zinc eiectrodes of the invention therefore contain an

active composition comprising at least:

(a) a source of zinc capable of being repeatedly cycled between an
oxidised and a reduced state; and

(b) at least one compound selected from the group consisting of
Cg—Csp fatty acids, salts, esters and other derivatives
therecf, and Cg-Csz alkyl sulfonic acids, salts, esters and

other derivatives thereof (as defined above).

In preferred embodiments of the invention, the component (b) of the

active composition comprises a naturally occurring Ci;»—Cy fatty acid,
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active conposition conprising at least: (a) a source of zinc capable of

bei ng repeatedly cycled between an oxidised and a reduced state; and (b)
at | east one conpound selected fromthe group consisting of C6-C30 fatty
acids, salts, esters and other derivatgves thereof, and C6-C30 al kyl
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as the zinc nono stearate nono I‘OXI may ‘al'so formin this
preparation and further enhance the battery perfor mance. In alternative
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rapid mixing of an alkaline mixture of the fatty acid, and the zinc
salt (for example zinc sulphate or zinc nitrate). Species such as the
salt zinc mono stearate monohydroxide may also form in this preparation
and further enhance the battery performance, In alternative
embodiments, the active composition may be prepared simply by mixing
the twe components {(a) and (b} as solid materials after separate

preparation.

In further alternative embodiments, the active composition may be
formed by adding other salts of a fatty acid, such as a potassium,
sodium or lithium salt, te zinc hydroxide or zinc oxide, so that a zinc

fatty acid salt forms on subsequent charge/discharge cycling.

The active composition may also be formed as an intimate mixture by the
precipitation of a calcium salt of a fatty acid and zinc hydroxide by
rapid mixing of an alkaline mixture of the fatty acid, a calcium salt
{for exampie calcium sulphate or calcium nitrate} and a =zinc salt.
Species such as the salt calcium mono stearate monohydroxide may also

form in this preparation and further enhance the battery performance.

In zlternative embodiments, the active composition may be formed by
adding other salts of a fatty acid, such as a potassium, sodium or

litkium salt, tec zinc hydroxide or zinc oxide, together with a calcium
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formed by adding other salts of a fatty acid, such as a pot assi%% ‘"“L'go I'um
or lithiumsalt, to zinc hydroxide or zinc oxide, so that a zinc fatty
acid salt fornms on subsequent charge/di scharge cycling. The active
conposition may also be forned as an intimte mxture by the precipitation
of a calciumsalt of a fatty acid and gi nc hydroxide by rapid m xing of an
al kaline mxture of the fatty acid, a calciumsalt (for exanple calcium
sul phat eabt, cadcci thani ta atce)lcamd dazicpc s@ld . saBpedicegsssuoh asbtagiedl t
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further enhance the battery performance. |In alternative enbodi nents, the

active conposition may be forned by adding other salts of a fatty acid,
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to zinc hydroxi or zinc oxide, together wth a nagriesium’ strontium or
bari um $&l ¥2ridg fakty acadgitdi AT taroRtbIRAvesE Brrpamifssheyiacvalsu t
forms on subsequent charge/di scharge cycling. 1In one preferred enbodi nent,
the active conposition conprises a mxture of zjnc oxide and/or zinc
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stearate solution containing a zinc salt and a calcium(ll) salt such as

calciumnnitrate. In further I%)ref_erred enbodi nents, the active conposition
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conveni %nt$§&ture can conveniently be prepared by precipitatioen from an
alkaline stearate solution containing a zinc salt and a calcium (II)

salt such as calcium nitrate.

In further preferred embodiments, the active composition comprises a
mixture of zinc oxide and/or zinc hydroxide with magnesium stearate,
strontium stearate or barium stearate., Such a mixture may conveniently
be prepared by precipitation from an alkaline stearate solution
containing a zinc salt and a magnesium (II), strontium (II) or barium

(II) salt.

In other preferred embodiments, the active composition comprises a
mixture of zinc oxide and/cr zinc hydroxide with iron (II) stearate,
iron (III) stearate or aluminium stearate., Such a mixture may
conveniently be prepared by precipitation from an alkaline stearate
solution containing a zinc salt and an iron (II), iron ({(III) or

aluminium (III) salt.

In further preferred embodiments, the active composition comprises a
mixture of zinc oxide and/or zinc hydroxide with lead stearate, tin
stearate or cadmium stearate. Such a mixture may conveniently be
prepared by precipitation from an alkaline stearate solution containing

a zinc salt and a lead, tin or cadmium salt.




be prepared by precipitation froman al kaline stearate sol ution 2@0&% @p%g
a zinc salt and a magnesium (l1), strontium (Il) or barium (Il) salt. In
ot her preferred enbodi nents, the active conposition conprises a mxture of
zinc oxide and/or zinc hydroxide with iron (I1) stearate, iron (I111)
stearate or alum nium stearate. Such &im xture may conveniently be
prepared by precipitation froman alkaline stearate solution containing a
zi nc salin ahdllarfurtiosr (dbpdingrarm, (hhldctdve abmpishiion (al| be sadetparéd Hwur t her
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powder wint bhésfatty acid ester together with a source of cal cium
magnesi um strontium barium iron (Il1), iron (Il11), alumnium lead, tin
or cadmumto form an anode. In addition to the source of zinc and the
fatty adndaodisiant toelsieersoﬁfce oifheﬁndeerﬂd\/ahbv&ﬁﬂyeaem oaf shhe, alskyl or
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of |ead salts may decrease the rate of hydrogen evol ution at the anode
durlng ré& aF?ﬁ;s are included, preferably the lead (II):zinc molar ratio is
in the range 0.0005:1 to 0.1:1, The addition of lead salts may decrease

the rate of hydrogen evoluticn at the anode during recharge.

In addition to the source of zinc and the fatty acid or salt, ester or
other derivative thereof or the alkyl sulfonic acid or salt, ester or
" other derivative thereof, the active composition of the zinc electrode
may optionally include copper (II} salts, for example Cu(NOz)z. When
copper (II) salts are included, preferably the copper (II):zinc molar

ratio is in the range 0.0005:1 to 0.1:1.

Optiocnally, the active composition also includes graphite powder. When
included, the graphite powder preferably comprises 0.1 to 60%, more
preferably 10 to 45%, and still more preferably 15 to 35%, by weight of
the active composition. The addition of graphite may decrease the

electrical resistance of the active composition.

The zinc electrodes of the invention will also normally include a
current colilector. Thus, the electrodes may be prepared by pasting the
active composition onto a suiltable current collector, for example
graphite cloth, slotted copper foil or woven brass mesh. Alternatiwvely,
the active mass could be spread on a suitable support and
electrochemically or otherwise reduced to give a network of zinc metal
as the current collector. Advantagecusly solid alkali metal hydroxide,

such as potassium hydroxide, is mixed with the active composition.




In addition to the source of zinc and the fatty acid or salt, e@rAdy 2005
ot her derivative thereof or the alkyl sulfonic acid or salt, ester or

ot her derivative thereof, the active conposition of the zinc el ectrode my
optionally include copper (Il) salts, for exanple Cu(NO3)2. Wien copper
(I'l) salts are included, preferably the copper (ll):zinc nolar ratio is in
the range 0.0005:1 to 0.1:1. Optionally, the active conposition al so
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the present invention provides a rechargeable Zinc cell containing, as
anode, &U2FHt %l ELETTHYDE t i SFRVRTR | GRP S HeCHar RADISEPZF H Cel I‘ésmg

cont ai nmaghadz wacl etrectr odecref akhe i nvention can include nickel/zinc cells
(containing a nickel electrode as NNOOH in the charged states); zinc/air
cells; silver/zinc cells (containing a silver electrode as silver oxide in
t he chafgeensteabelingrtd tharganeseltiendscat lagu¢eontsalwiivg af masgahesles

el ectroggsas mngé}s@éebagémllqgm&b t hguehanged, &t at €1 redTheo I @LRALYRAD! €
zinc cells of the invention may prepared by incorporating the
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In one embodiment, the electrolyte is saturated with zinc oxide.

In one embodiment, the electrolyte is saturated with a suitable
tetraalkylammonium salt, such as a tetrabutylammonium salt. In a
preferred embodiment, the tetraalkylammonium salt is tetrabutylammonium

hydroxide.

In a preferred embodiment the electrolyte is an aquecus soluticn of
potassium hydroxide saturated with both zinc oxide and

tetrabutylammonium hydroxide.

In one embodiment, the accessibility of the electrolyte to the
electrode active mass 1s restricted, for example by enclosing the
electrode assembly in a suitable material which 1is stable in the
electrolyte medium. Suitable materizls include a range of inert

plastics such as polyethylene but are not limited thereto,

The rechargeable cells of the invention may be operated in either a
sealed or unsealed mode. It is preferred that the cell is operated in a
sealed mode to permit oxygen generated within the cell to react with

zinc, to further inhibit the formation of dendrites. If operated in the




base. Suitable bases include, but are not Iimted to potassium ﬁﬁﬂﬁ dee
sodi um hydr oxi de and lithium hydroxi de and m xtures thereof. 1In a
preferred enbodi nent the electrolyte is an aqueous solution of potassium
hydr oxi de. In one enbodi nent, the electrolyte is saturated with zi nc oxide.
In one enbodi nent, the electrolyte isqgaturated with a suitable
tetraal kyl anmoni um salt, such as a tetrabutyl ammoniumsalt. In a

pr ef er r edsenizodimgent , it heay et gadelfykamonicunnsabdudes a etneabay yvaimeDioum
hydr ox dexd RaPLE] G efle GIMQULABIL: L8y ELAGHT Ohylisl ¢ A1 ,AUCOUS 29! Ut i on
of potassium hydroxi de saturated wt zi'nc Oxl

t et r abut§f aFAESRPERS FdFbxitéhel febne enbodlnent, the accessibility of the
el ectrolyte to the electrode active mass is restricted, for exanple by
encl osi t he l.ectrpde assenbly in_a suitable naterlal [ is stable in
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cells of the invention nay be operated in either a sealed or unseal ed

node. It is preferred that the cell is operated in a sealed node to permt
oxygen HEMEIE dd within the cell to react with zinc, to further inhibit
the formation of dendrites. If operated in the 29 ~~ 13 unseal ed node, it

may be preferable to introduce a one-way valve to permt venting of the
cel | whitl stpr elidht |CHQSFH6‘T’:€§IS of 5‘PPr‘E?&“@6ﬁ%¥ o*® t i at'bohat¥°l e¥'81° i n
t he cel kledhedenventd onnsi Inichew ke ecdesstd bed ighownr ardeFagmreM tLh rxezfeer ence
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bet ween L zi nc el ectrodes and s%Parated wi th woven
e ectrode assembly was mounted in a planar manner within a cell

wa.s

container.

The nickel electrode was obtained from an AR-sized nickel cadmium
battery produced by JJJ Battery Ceo. Ltd., Jiangmen, Guangdong Province,

P. R. China and was used without further meodification.

The zinc electrodes were prepared from an active cemposition containing
a zinc stearate:zinc hydroxide molar ratio of 0.163:1 mixed with carbon
powder (30% by weight in the final mixture). The active mass was
prepared as an intimate mixture by two sequential precipitation
processes. In the first precipitation process, zinc sulfate (0.1 mol)
was dissolved in water (400 mL) and the solution heated to 50-60°C.
Aqueocus scdium hydroxide was prepared as a separate solution (0.2 mol
sodium hydroxide in 200 mL). Graphite (8.68 g) was dispersed in the
sodium hydroxide sclution and the sodium hydroxide/graphite suspension
was added slowly with stirring to the zinc sulfate solution. A gray

suspension of intimately mixed zinc hydroxide and graphite particulates

was formed. The pH was adjusted to pH 8-9.

An agqueous potassium stearate solution ({500 mL} at 50-60°C prepared
from a stoichiometric mixture of stearic acid (0.0326 mocl) and
potassium hydroxide (0.0326 mol) was added slowly with stirring to the
zinc hydroxide-graphite suspension at 50-60°C. The pH of this mixture

was adjusted to 8-9. The mixture was stirred for 5-10 minutes to ensure



nyl on separators and the el ectrode assenbly enclosed in nylon chathys fﬂg

el ectrode assenbly was nounted in a planar manner within a cell = container.
The ni ckel el ectrode was obtai ned froman AA-sized nickel cadm um battery
produced by JJJ Battery Co. Ltd., Jiangnen, Guangdong Province, P. R
China and was used w thout further nodufication. The zinc el ectrodes were
prepared froman active conposition containing a zinc stearate:zinc

hydr oxi deormigr miating of (hot63siumm xeshrwitkh wiahbahe powdenhy3Q%dey ameli ght
in the final; 0 xture).. The active mass was prepared as an intimate mxture
by two sequential precipitation processes. In the first precipitation
process, zinc sulfate (0.1 nol) was dissolved in water (400 nL) and the
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st oi chi @uBL&AC 11 X4 U 1RfrStBaklecacid (0.0326 nol) and potassium
hydr oxi de (0.0326 nol) was added slowly with stirring to the zinc

hydr oxi de- graphi te suspension at 50-60C. The pH of this mxture was
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The active composition was physically supported on the current
collector by inclusion of non-woven polyester cloth. The current
collector was woven graphite cloth electrochemically plated with
metallic tin from an alkaline sodium,stanﬁate solution (2A for 2 min).
External electrical contact was made by crimping nickel f£oil onto the

graphite cloth.

The zinc active mass was pasted onto the current collectors so that

each zinc electroede contained 0.040 mol of zinc hydroxide.

The electrolyte was 7 M KOH saturated with tetrabutylammeonium hydroxide

and saturated with Zno.

In the schematic diagram of the c¢ell shown in Figure 1, the cell
includes a battery case 1, negative electrode connector 2, positive
electrode connector 3, negative plate internal connecting strap 4,

negative electrode plate 5, positive electrode plate 6 and separators
7.

The cell was cycled through charge and discharge modes. Charging was
maintained at a current of 200 mA for 2 hours, with the exception of

cycle numbers 31 to 179 where charging was maintained at 200 mA for




This final precipitated mxture was heated to 70C and stirred f@m aUs 2085
further 10 m nutes. Upon cessation of stirring, the active nass m xture
settled as a uniformy gray material with no stratification consistent

wi th a honbgenous mass. After cooling to roomtenperature, this active

mass was filtered and washed with watqs. The active mass was used

i medi ately without drying. The active conposition was physically supported
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metallic tin froman afkaline sodi umstannate solution (2A for 2 mn).
External electrical contact was nmade by crinping nickel foil onto the
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4, negative electrode plate 5, positive electrode plate 6 and separators

7. The @ahldma@ggl%atcmwug@ £hanee: dNd dicsehakgr (madesyc1Ghak gi Higwaas
mai ntai ned _at a cgrrent 00 mA for 2 hours, with the excegtlon of cycle
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Di scharge current was cal cul ate e cell "voltage divide
const anVeEaISstodnas | Whawscmtﬁaﬁhcﬁw Cm‘sefé:al’?él&lsarweﬁ?nw nt&@gr at i on

of the @h&ﬁ@aék%géufréﬁﬂttlﬂ§ an functdrencofvd 1885 Oyﬁrdltsﬁﬁarr]?fg sGhacoe, pari od.

The di s%ggrg pgmty as, a function of the nunber of cycles is shown
ompare to the 1n1t1al maximum capacity retention.

Prior art celis with =zinc active masses formed from either 2Zn0 or
n{OH); and with otherwise identical construction and electrolyte
composition fail due to dendrite growth within 30 cycles under these
charge/discharge conditions. Furthermore, gross shape change is evident
with relocation and redistribution of zinc active mass throughout the
electrochemical c¢ell. No gross shape change was evident in this

electrochemical cell.
EXAMPLE 2

A 1.0 ampere hour cell was constructed of two zinc electrodes and one
nickel electrcde as shown in Figure 1. The =zinc electrodes had
dimensions 92mm (width) x 64 mm (height) x 2 mm (thickness) and the
nickel electrode had dimensicns 87 mm (width} x 5% mm (height} x 2 mm
(width). The nickel electrode was sandwiched between the fwo =zinc
electredes. The electrode assembly was mounted in a planar manner

within & cell container.

The nickel electrode was prepared by pasting a mixture of nickel (II)
hydroxide, graphite and cobalt {II) sulfate onto a metallic sponge

nickel current collector.
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in Figure 2. It will be noted that the cell initially exhi bi t edZ & AHﬁX?

capacity retention of 83% at 49 cycles (ignoring brief excursions above
this value at cycles 37 and 98-102) and still had an average of 55%

di scharge capacity at 350 cycles. This represents sone shape change
resulting in the effective | oss of di sgharge capacity of 34% conpared to
the initial maximum capacity retention. Prior art cells with zinc active
masses Ror HE’derfﬂa@nhéi:kdfﬂerfOZ.ﬂOcondu@i@G]-l)ZQrIa:indalWinab spdsterwmsledi cent ittal

t I drit
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W t hin cycl es under these arge ernore,
gross sRapkcichéde Hvsreyidento- Zwrftoﬁ réh@cﬁt—"?mt&ndﬁ adi Soriwiad gy othezi nc

active gagstidir eughowdr the nel esld eehem calr) cghkfadxo gr@ﬁ&nﬁha@slmge was
evident in_this e] ectrochem cal cell EXAMPLE npere hour cell was

const r ub¥ et ot SE Wb Zic EjrréacllJTyod’%%taa?r?du‘BnkéVdrﬁ?‘t%l eP‘éd%orlé)d‘éasaé‘dg%vﬁ? in
F| gur e thidhdwzikpcwelre ot k boe snhaek cadisneassd 0 renS2mmbiWsiith bn X 64 £ el ght )

S t.he I ehad sj.ons 87nm th) x
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bet ween (Ehe MRgozidre Waél Emﬁrﬁmesn tﬂvenetb%lt rddetastenbl y was rmunt ed in a
pl anar manner w thin a cell container. The nickel electrode was prepared

by pasti n% a mxture of nickel (I1) hydroxi de]E graphite and cobalt (I1)
sul f at e TBht o' ﬁé?%ﬁriqd@ss‘ﬁ%‘??gé’reﬂ?iqgelfr%r%ﬁt: €6 CerrOTLEI9D OB YDI 16
An ext emnaklaiwkeltehohte canduaydngitier nrbnaﬂ M&&osp@t owedded enked thiech

sponge ni o T agtlve MAsSS t hor ough m_xi ng of
ni ckel ?FF%%L)? rg% det9(°0 ﬁgflsé\glnrapc rap %Elve) mfao% %% SR gmass
addi ti owaéfpwaé?d(@ aﬁL}n@Wd%téobwttur(EI by ‘f&h@l tat ese(qgel@izlaiop)reCfl@IlF&@V\ietdl by

further prbXiNgs HeBakivea POf asShym hydr @xife :60s Oéelr@ﬂ])de%%c@ﬁd@@ it -
this sl urry with m xi ng and excess water renoved by suction. Sufficient
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precipitation process for Example 2, a suspension of graphite (3 g) and
zinc hydroxide (0.1 mol) was prepared and then mixed with potassium
stearate (0.01024 mel). In the second precipitation process, an agueous
solution of calcium nitrate (5.27 x 1073 mol) was added to the
suspension of graphite and zinc hydroxide to precipitate the active
mass as an intimate mixture of calcium stearate, zinc hydroxide and

graphite.

Solid potassium hydroxide (0.3 ¢g) was intimately mixed (by grinding)
with the active mass to facilitate the pasting of the active mass onto

the current collectors.

The zinc electrode current collectors were assembled by spot welding
together three layers of 40 =x 40 brass mesh., External electrical
contacts were made by spot welding nickel foil onto the brass mesh. The
nickel foil was coated with epoxy resin glue to prevent exposure to the

electrolyte.

Sufficient paste was prepared so that each zinc electrode contained

active mass equivalent to 0. 1 mol of zinc hydroxide.

Each nickel and zinc electrode was individually enclosed with two
layers of woven nylon cloth heat sealed at the bottom, side and top

edges (with the exception of a small opening for the protrusion of the




(rr) hydrOX|de was present on the nickel electrode. The zinc é&%c%u%deE
were prepared froman active conposition containing a calcium

stearate: zinc hydroxide nolar ratio of 0.0527:1 m xed with carbon powder
(19% by weight in the final active mass). The active mass was prepared as
an intimate m xture by the two sequentyizal precipitation processes
described in Exanple 1. Conditions were identical to that described in
Exanpl enlckilt hf4ie 4iadteialg e@ﬁﬁamabionse lenctde:d imistcel preetpiddat ivan

process ;Lgéedz)ﬁ%%égn 2t: eatéyseﬁig:rllggg&] gr (Q(B!ro%eg?’ vg‘)lcﬁn‘gereﬂtﬂ&(ig%g_{f xi de

(0.1 no prepared and n mxe potassium” stearate
mol ). | Hithensedoridrprecipi ttiren tb?o@é%%s <a‘n tdguedastrassisurerpninid dal CI um

nitratec(ds@7contlOe 3 M Jwovas addeddie LBSemBYSREBSEREL afngbaphi tanand zinc
hydrOX|de to precﬂgltate the active mnmass as an intimate m xture of cal cium

st ear at &' ZPHEAYRATOE e GRY G dphf't 852581 itd S6EaBSHR Fydr 6xfEeS4% 53 g)

was i ntboat ebyn mdeed by gop neldgrg) Twiot hatbes act i ate Amess riyaoﬁameéh taire t he
past | ngg?ﬁxcécpeorgcéﬂevl c]uﬂ:,%§s f%@goof onet he CUI’ Een{‘le Colec r&l rs as%

el ectrode current collectors were asse é?her t hr ee
| ayers 6RsWXR @N46VeE agssresh.acErRter Hadl eébettadecabsemhthab%@ hh@réerﬁnﬁ§ by

spot welding,Ri ckekerdaich QRLO-t Re-brass mBgh.ccThe waRi ckelbrfnidy vas grat ed
with epoxy resin glue to prevent exposure to the electrolyte. Sufficient

past e wd§"pt¥Pared Yo Fhit  each zinc el ectrode contained active mass
equivalent to 0. 1 nol of zinc hydrOX|de Each ni ckel and zinc el ectrode

was i ndi closed f n | on cloth heaI sealed
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for theapﬁowﬁugﬁéﬁddﬁibhén@ 9 AU G 2005 17 nickel foil electrical contact)
The encl osed ni ckel electrode was placed between the two encl osed zinc

el ectrodes, which were then wound wth n¥lon thread to ensure the edges of
the el edPr GEs SFBRRA Ned $RITEFP0SE &BRt &6L1 THERoiMdTEI®E rode s setil y was
t hen enahes&nbmudibaxtery case 1, negative electrode connector 2, positive

electrode connector 3, negative plate internal connecting strap 4,
negative electrode plate 5, positive electrode plate 6 and separators

7. The close-fitting polyethylene bag is not shown,

The cell was subjected to two formation cycles each consisting of
charging at 160 mA for 10 hours, 5 minutes at open circuit, discharging
at 160 mA until the c¢ell wvoltage dropped to 1.3 V, followed by 5

minutes at open circuit.

The cell was then cycled fhrough charge and discharge modes. Charging
was maintained at a current of 500 mA for 2 hours. Upon completion of
charge the cell was held at open circuit for 5 minutes. Discharge was
maintained at a constant current of 600 mA until the celil voltage
dropped to 1.3 V, indicating full discharge of the celi. Upon
completion of discharge the cell was held at open circuit for 5

minutes.

The discharge capacity as a function of the number of cycles is shown
in Figure 3. It will be noted that the cell containing the novel zinc
active mass maintained a discharge capacity in excess of 80% for 1134
cycles. During the first 500 cycles the capacity was maintained at

better than 85% with small cycle-to-cycle variation.




"
shri nk-wr apped pol yethyl ene film seal ed at the bottom and side edgeg% BUE 2005
open along the top edge. Two | ayers of 60 x 60 nylon nesh were placed on
the outer face of one side of the electrode assenbly to ensure an even
pressure across the el ectrode assenbly when the Perspex case was assenbl ed
under pressure. The cell was orientateg in the vertical configuration. The
electrolyte was 7 M KOH saturated with tetrabutyl anmoni um hydr oxi de and
sat ur at @domi the ZA@™ | not AE0Sclhenbes ctihmagriam of gtdwmateldecshewniiom Bisgure 1,

the cel 'capéf‘icéwdc%s @%b%aégrcyt§.as'ﬁ'li]s’ fsgatlve & %%EOQ%FC%QJ?&%%{ Amnc

positive ~electrode connector” 3, negative plate internal connecting strap
4, neg&tPyErsice Pt Dl Ht etlns pesienity éoek eept oflef fiitat &8 ari@nsbpardt or s
7. The ghese-drahe ngr pehyettylepgrbag i s not shown. The cell was subjected
to two formation cycles each consisting of charging at 160 mA for 10
hours, 5 mnutes at open circuit, discharging at 160 mA until the cell

vol t age Ndr gpped shapd .cBakge fvalsl ewedkry ib thd rOtesratheapesl cietzui t. The cell
was then cycled through charge and di scharge nodes. Charging was

mai ntai ned at a current of 500 mA for 2 hours. Upon conpletion of charge

t he cel Fupbeirerd. athop@ildi deaiineg din Saprpiitesved skhatigetwd8? art¢iwtsai ned
at a conpstaddc curend o£11600:4AidnLy | chheneell yold ageriwdr opred da be3 V,

i ndicating full dischar ge of the cell. Upon corrgl etion of_discharge the
cel | wasehBTH 4t P¥pe iEPitet oS B PRt 865 FRE HEEharge Lapatid yras a
functi omhef dche rmurber périoycl €S tsmshown this Fivgur eaBted t 700 | kol atet ed
that th Lnin e novel zing . active nmass, mai.nt aj ned a_di.scharge
capaci t%hg%ée/fggg%@o 88%’%& %134' E% lensa%lﬁarior?g gllj"lee Fi rrgjfm%ﬁo %%/Scﬁ es the
capaci t yiaekagegi wPapnetrait peried) tHanhes596 W t¢endmaning yidiee nppe kygings
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gradual decline from95% capacity to 89% capacity.. This, denonstrates that
t he WDdFPPQHFEﬁnﬁCere for a period of 24 hours. Folldowing this, and after 3

normal charge/discharge cycles (not shown in Figure 2), the cell had
recovered to 90% capacity. This improvement in capacity continued with
cycling so that after a further 10 cycles (cycle 731), the cell
capacity returned to the 95% capacity shown over the first 300 cycles.
This post-shorting recovery was maintained for a further 140 cycles
with little c¢ycle-to-cycle variation in capacity. After cycle 875 a
progressive decline in capacity was cbserved so that by completion of
1027 cycles the capacity was 88% and in excess of the 80% capacity
required for satisfactory performance. Upon completicn of cycle 1134

the capacity had declined to the 80% capacity criteria.

It is assumed that use of the combination of =zinc stearate and zinc
hydroxide or of calcium stearate and zinc hydroxide in the active mass
decreases the solubility o¢f the zinc electrode discharge products
without significantly lowering the discharge or charge rate. Without
wishing to be bound by any theory, it is believed that this decrease in
the sclubility of the zinc electrode discharge products decreases the
susceptibility of the =zinc electrode to shape change and dendrite

formation.

Although the invention has been described with reference to particular
embodiments, those persons skilled in the art will appreciate that
variations and modifications may be made without departing from the

scope of the invention.




el ectrode enbodied in this patent does not suffer from significanfQ ¢higpeis
change or dendrite growth. No gross shape change was evident in the

el ectrochem cal cell. Furthernore, the small decline in capacity over the
first 700 cycles evident in the cell containing the novel zinc active nass
can be recovered by controlled and deldi berate external electrical shorting
of the cell for a period of tinme. In this way, after 720 conpl ete
charge/ di scharge cycles (i.e. termnating on the 5 mnute post- discharge
open ci nmepuiTrrati ohrehriée cell containing the novel zinc active nass,
the cell was electrically discharged with an external conducting wire for
a period of 24 hours. Followng this, and after 3 normal charge/di scharge
cycl es (fmotwighowr iappFeginted?)fromhehreeldishaskidnecoverednto 905 capasaitt y.
This i erent | apacity contipued wi.th _cycling so that after
furthe?grfggcycl esb%%f/l(aﬁ%g Yél)z,cl%{aheggeeﬁc{erd%apfaocr?{t i/ls?etlt?r ned to taﬁge?}@“%
capaci t ¢lshbirhenéeat fe€1fi rst 500 cycles. This post-shorting recovery was
mai ntai ned for a further 140 cycles wth little cycle-to-cycle variation
in capacity. After_cycle 875 a progressive decline in capacity was
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CLAIM5 1. A conposition for use in preparing a zinc el ectrode including:
(a) A squrce of zinc, _capable.of exist n oxidized and a _reduced
Sthte: and (B CHETEREET Ge SLOMILAD L ot aash Fife X500 ofeMering of
C6- C33 fattyzaes dstadald giness®Erts aumlc at:Hee, deimicv avimes det her eofixand

C6- C30 al kyl gulfonic acids salts, esters and

3. A compositicn as claimed in Claim 1 or Claim 2 wherein the source

of zinc is in an oxidized state,

4. A composition as claimed in any one of claims 1 to 3 wherein the
scurce of zinc is a zinc salt, zinc oxide, zinc hydroxide, or a

mixture thereocf.

5. A composition as claimed in any one of claims 1 to 4 wherein the
compound 1is a Cg-Csp fatty acid, salt, ester, or other derivatives

thereof.

5. A composition as claimed in any one of claims 1 to 5 wherein the
compound is a naturally occurring Cip-Cs fatty acid, salt, ester

or other derivatives thereof.

7. A composition as claimed in any one of claims 1 to 6 wherein the
compound is naturally occurring Ci—Cs fatty acid, salt, ester or

other derivative thereof.

8. A composition as claimed in any one of claims 1 to 7 wherein the

compound is a metal salt of stearate.

9. A composition as claimed wherein in any one of claims 1 to 8 the
compound 1is zinc stearate or calcium stearate or a mixture

thereof.




other derivatives thereof. 2. A conposition as clainmed in daim ﬂ%\@ﬁeizg%
the source of zinc is zinc nmetal, a zinc salt, zinc oxide, zinc hydroxide,
or a mxture thereof. 3. A conposition as clained in daiml or Jdaim?2
wherein the source of zinc is in an oxidized state. 4. A conposition as
claimed in any one of clains 1 to 3 wimrein the source of zinc is a zinc
salt, zinc oxide, zinc hydroxide, or a mxture thereof. 5. A conposition
as clainmed in any one of clains 1 to 4 wherein the conpound is a C6-C30
fatty agbd, fabémpR3t€sn & QLORLg der b¥atdNess EDENHEON. £8. 9 AHCRBPOSiH On as
claimed in any one of claims. 1 to 5 wherein the conpound is a naturally
occurring Cl12¢ @%ﬁ”@bffyméﬁiate§%ﬁf ester or other derivatives thereof. 7.
A conposition as clained in any one of clains 1 to 6 wherein the conpound
i's natur @‘l ! y ggnl[”orsll or?]a% gg me%lt tl gr%:l ohesa]J:' tdl er%t elr OI‘ 1 ot her det'rl'{ vative
t her eof . OMpGsi T10n as cl'ainmed TH ahy one 6 el aiftstl 57 thetei n

t he conpoun@olr%r Faee aff %Etcmposméatrattéme Sourkec ofipoigict Lenimshel aimed
wherein in agyoee 10ho6d ai"s.4.4@ 8 the conpound is zinc stearate or
calciumstearate or a mxture thereof. 2 9 t~U G 2005 22 10. A
conposition as clained in any one of clains 1 to 9 wherein the conpound is
zi nc stearata. c]ohpoAi@ﬁfﬁDO&i ticonimsd CLAl medinnianyereiff tekaimmqd tig 10
wherein the nqégb % qbqf t@e conmpound to the source of zinc is in the
range O. 0008 8 5: 11 0. 12. A conposition as clained in Caim1ll
wherein the range is 0.05:1.00 to 0.4:1.0. 13. A conposition as clainmed in

Clalm1:!L3\.’mef-‘;e|&mbggi’fﬁﬁgeaéSclaimed in Claim 11 wherein the range is
0.075:1.000 to 0.25:1.00.

14, A composition as claimed in any one of claims 1 to 13 wherein the
compound 1s zinc stearate and the source of zinc is zinc oxide

and/or zinc hydroxide.

15. A compesiticon as claimed in Claim 14 wherein the molar ratio of

zinc stearate to the source of zinc is in the range 0.0001:1 to

0.5:1.

16, A composition as claimed in Claim 14 wherein the range is 0.05:1
to 0.4:1.

17, A composition as claimed in Claim 14 wherein the range is 0.075:1
to 0.25:1.

18. A composition as claimed in any one of claims 1 to 13 wherein the

compound is calcium stearate and the source of zinc is zinc oxide

and/or zinc hydroxide.

19. A composition as claimed in Claim 18 wherein the molar ratio of
calcium stearate to the source of zinc is in the range 0.0001:1

te 0.2:1.

20. A composition as claimed in Claim 18 wherein the range is 0.01:1

to 0.1:1.




0.075:1.000 to 0.25:1.00. 14. A conposition as clained in any on9qoft\U6I 30hs
1 to 13 wherein the conpound is zinc stearate and the source of “zinc is
zinc oxide and/or zinc hydroxide. 15. A conposition as clainmed in Claim 14
wherein the nolar ratio of zinc stearate to the source of zinc is in the
range 0.0001:1 to 0.5:1. 16. A conposistion as clained in Caim 14 wherein
the range is 0.05:1 to 0.4:1. 17. A conposition as clained in Caim14
wher ei n%the PaRgEPdsstdon7s rlaip=®.265C1aingls Aheoapodinei oanges igl Aitixd in ;
any one of clgigsiskito 13 wherein the conpound is calciumstearate and the
source of zinc is zinc oxide and/or zinc hydroxide. 19. A conposition as
clainmed in Caim18 wherein the nolar ratio of calciumstearate to the
source @k.zi Accimpdsntifie asangeikk000lady dne Ot 2c'1.’bim201 tA 2ONMROSkt h Otheas
claimed in C 1 t he range Q.01: to. 0.1:1. 2 9 NJ G 2005
23 21. A corrpg{sllq%l %r]; élsn%laéldrrgh com%f fafﬁ \l/\rheardgilxut”‘he range is 0.03:1 to
0.15:1. 22. A conposition as clainmed in any one of clains 1 to 21 wherein

the souynce af -zine;andnthe SonReynd, adleaﬁnnz@dmg&te%ethg%oﬁceogp%&d on as
~clainmed in Caim22 wherein the source of zinc and the conpound intinately

m xed in the?BdniBe GPEPODA 1ATEHHRSOE| PR 48 EraipfB#<tUHred ai m 22 wherein
the adm xture is forned by precipitation. 25. A nethod of preparing a
conposi ti,on for use reparing a 2|nc el e |ncI the steps of :
1. Pr eptérl ngka FITs ltlrogm g. t% %mo A ne l{/ﬂ % ggr a%&‘“é TS Ut on of
an al kal i salfprmdd éivt he¢cna>l©6tlc@80 fatty

25. A methed of preparing a compesition for use in preparing a zinc
electrode including the steps of:
1. Preparing a first precipitate of zinc hydroxide;
2. Mixing a solution of an alkali szlt of either a Cg-Czp fatty
acid or a CgCgp alkyl sulfonic acid with a suspension of
the first precipitate; and

3. Adding a solution of a salt of a mineral acid to the mix to

provide the composition as a second precipitate;
wherein the composition is a mixture of zinc oxide and/or =zinc
hydroxide, and an inscluble salt of either a Cg—Cag fatty acid or

a Cg—Cs alkyl sulfonic acid.

26. A method as claimed in Claim 25 wherein the first precipitate

includes graphite.

27. A method as claimed in Claim 25 or Claim 26 wherein the solution
of an alkali salt of either a C¢-Cz fatty acid or a Cs-Csy alkyl

sulfonic acid is saturated with zinc.

28. A method as claimed in any one of claims 25 to 27 wherein the
alkali salt of either a Cg-Cs fatty acid or a CgCy alkyl
sulfonic acid is an alkali salt of a naturally occurring Cia—Cas

fatty acid.

29. A method as claimed in any one of claims 25 to 28 wherein the
alkali salt of either a Cg-Cszo Ffatty acid or a CgCiz alkyl

sulfonic acid is an alkali metal salt of stearate.



acid or a C6-C30 al kyl sulfonic acid with a suspension of the first 79 AUG 200
precipitate; and 3. Adding a solution of a salt of a mneral acid to the
mx to provide the conposition as a second precipitate; wherein the
conposition is a mxture of zinc oxide and/or zinc hydroxide, and an
insoluble salt of either a C6-C30 fatta# acid or a C6-C30 al kyl sulfonic
acid. 26. A nethod as clained in Claim25 wherein the first precipitate
i ncludes graphite. 27. A nethod as clainmed in Claim25 or Caim26 wherein
the sol ubiona ekcAsd atkaliaisalit i0f @) thRr & G239 Fatdy achdepéim & C30
al kyl sulfonilg acid 171;5 S tur.g%ed with zinc. 28. A nethod as cl|ained_in any
one of claind 25 t0°27" wher &M the® alskali €& 618 (Her® atChrc3d ¥t ty
acid or a Co6s@30cmlckypkidsid fonéesiani deesraar.al kali salt of a naturally
occurring Cl2-C22 fatty acid. 29. A nethod as clainmed in any one of clains
25 to 28 wherein the alkali salt of either a C6-C30 fatty acid or a C6-C30
al kyl  Sdif ol @aked 35 drpiakRaly #Bt dnesalft cdpimy 2 ate. 3RFhAUES Qe 24
30. A nethod sast CdAiaREndH12BYi NG fingl AlFBaed t0 29 wherein the alkali
salt of either a C6-C30 fatty acid or a C6-C30 alkyl sulfonic acid is
pot assium stearate. 31. A nethod as clained in any one of clains 25 to 30
wher ei n3he aAsakthod @& nlegmat aci shy Sord RE sUbphat s B2.31Awwetdnd as
clained in a ..of _cl ai . o 31 erei.n_the , conposition.i.s a mxture
ot “7ime oxi astuardenPLe B EBAE NP e L oP PR eE el T
claimed in CZairtn 3Zaxhetein the nolar ratio of zinc stearate to zinc oxide
and/ or zinc hydroxide is in the range 0.0001:1 to 0.5:1. 34. A nethod as
clainmed._in Caim32 wherein the range 0.05:1 to , )

33. A method as claimed in Claim 32 wherein the molar ratio of zinc

stearate to zinc oxide and/or =zinc hydroxide is in the range

0.0001:1 to 0.5:1,

34. A method as c¢laimed in Claim 32 wherein the range 0.05:1 to

0.4:1.

35. A method as claimed in Claim 32 wherein the range is 0.075:1 to
0.25:1.

36. A method as claimed in any one of claims 25 to 30 wherein the

salt of a mineral acid is calcium nitrate.

37. A method as claimed in Claim 36 wherein the composition is a
mixture of =zinc oxide and/or =zinc hydroxide, and calcium

stearate.

38. A method as claimed in Claim 37 wherein the moclar ratio of
calcium stearate to zinc oxide and/cor =zinc hydroxide is in the

range 0.0001:1 to 0.2:1.

39. A method as claimed in Claim 37 wherein the range is 0.01:1 to
0.1:1.
40. A method as claimed in Claim 37 wherein the range is 0.03:1 to

0.15:1.




0.4:1. 35. A nmethod as clainmed in Caim32 wherein the range i s 9307861216
0.25:1. 36. A nethod as clained in any one of clains 25 to 30 wherein the
salt of a mineral acid is calciumnitrate. 37. A nmethod as claimed in Caim
36 wherein the conposition is a mxture of zinc oxide and/or zinc
hydroxide, and calcium stearate. 38. 2 nethod as clainmed in C aim 37
wherein the nolar ratio of calciumstearate to zinc oxide and/or zinc

hydr oxi dé-i s&i ForResitigngeGPeDedl: 1yt 6 @ephdd 39, ciaimethda asvclcaened in
Claim 37 wherekimd e tange is 0.01:1 to 0.1:1. 40. A nethod as clainmed in
Claim 37 wherein the range is 0.03:1 to 0.15:1. 2 9 AUG 2005 25 41. A
conposition prepared by a nethod as clainmed in any one of <clainms 25 to 40.
42. An @Rect rodeicanpié staagpras oNposbipari tasn CdAicretndéd i@l aismnl.l. 43. An

el ectrode conprising a conposition as clainmed in Claim4l. 44. An el ectrode
as claimed in Caim42 or Caim43 wherein the conposition further

conpr i sés- an?al kkqtraie aforipydeond de couBpsisjor| actclodeshisncfbdvedlin d ai m
44 wherein the alkali nmetal hydroxide is present in an amount no |ess than
0.3g per, 0.1 nmol e zinc oxide/hydroxide,  46. An electrode as clainmed in

d ai m41f4\7\,herAE‘| FIERE WKt TEYAPY HPdIdRIBe 4P s OpofdasT ufi? hyBFEXide:Pea7. An
el ectrode prepaped tfibantar CRAPOSIHHi@Bs a5 GhahlPGhetal aryH0Red®f clainms 1 to
24 wherein the electrode is charged. 48. An el ectrode prepared froma
conposition as clainmed in aim41l wherein the electrode is charged. 49. A
conposi ttPen pregaretrddeormsarclaliectr odeCasirc| 44 metedainClthemadali metal

hydroxide is present in an amount no less than 0.3g per 0.1 mole

zinc oxide/hydroxide,

46. An electrode as claimed in Claim 44 wherein the alkali metal

hydroxide is potassium hydroxide.

47, An electrode prepared from a composition as claimed in any one of

claims. 1 to 24 wherein the electrode is charged.

48. An electrode prepared from a composition as claimed in Claim 41

wherein the electrode is charged.
49, A composition prepared from an electrode as claimed in Claim 47.
50. A composition prepared from an electrode as claimed in Claim 48.
51. A method of preparing an electrode including the steps of:

1. Mixing solid alkali metal hydroxide with a composition

as claimed in Claim 1 or Claim 41;

2. Bpplying the mix on to a current collector:; and
3. Forming the electrode.
52. A method as claimed in Claim 51 wherein the current collector is

woven graphite cloth plated with metallic tin.

53. A method as claimed in Claim 51 or Claim 52 wherein the current

collector is brass mesh.




50. A conposition prepared froman electrode as clained in d ai m?A%.i:\U%lzaﬁi
nmet hod of preparing an el ectrode including the steps of: 1. Mxing solid

al kali metal hydroxide with a conposition as claimed in claiml or Caim
41; 2. Applying the mix on to a current collector; and 3. Form ng the

el ectrode. 52. A nethod as clainmed in28 aim51 wherein the current

collector is woven graphite cloth plated with netallic tin. 53. A nmethod
as clai féd i A CPERH 585 gilagmad miB2amherd eft kdadiy rentte &6l WBetom itdebr ass
mesh. 2 AU6 £300fg 26<54.eArBBE m@jbﬁtsa%dl@lﬂgdpﬁéls@9¥ one of claims 51 to 53
wherein the formng the electrode i's by applying pressure. 55. A cell

conprising at |east one electrode as clained in aim42 or Caim43. 56.
A cell a$s.cl ai pedl isorBlracmdmnwheset noidhelekecdidode kSamrdnadeiaisbdz A
cell as clai g@ ind ?I m 55 further conprising an electrolyte. 58. A cell
as clainmed in alm wherein the electrolyte is saturated with zinc
oxide. 59. Acell as clained in daim57 or O aimb58 wherein the

el ectrolsyt e al sesatr at ediat tHh dRfikagh kvwle%mn&w@@é@rod@%sﬁarp%hbd@s
claimed in any one of clains 57 to 59 wherein the electrolyte is saturated

wi th tetrabutyl ammoniumsalt. 61. A cell as clainmed in any one of clainms 57
to 59 wherei n tdel aaceestiddi bhtglaain theredtaet rainpresiey theeebaatnode, i s
restricted. 62. Acell as clained in any one of clains 57 to 61 wherein
the electrode is enclosed to restrict access of the electrolyte. 63. A cell
as clai ¥8d i # aggllones ofclelimeéds i67 ¢1®i82 Yhewbéreirhethe| edteroddvics drscl osed

with nylon clsgtheai@é wirigelihcasx&laai med in any one of clainms 57 to 63
wherein the electrode assenbly is enclosed with an inert plastic. 65. A

cell prepared fromthe cell as clainmed in any one of clains 55
59. A celi as claimed in Claim 57 or Claim 58 wherein the electrolyte

is saturated with tetraalkylammonium salt,

60. A cell as claimed in any one of claims 57 to 5% wherein the

electrolyte is saturated with tetrabutylammonium salt.

6l. A cell as claimed in any one of claims 57 to 59 wherein the

accessibility of the electrolyte to the electrode is restricted.

62. A cell as claimed in any one of claims 57 to 61 wherein the

electrode is enclosed to restrict access of the electrolyte.

63. A cell as claimed in any one of claims 57 to 62 wherein the

electrode is enclosed with nylon c¢loth.

6d. A cell as claimed in any one of claims 57 to 63 wherein the

electrode assembly is enclosed with an inert plastic.

65. A cell prepared from the cell as claimed in any cne of claims 55

to 64 wherein the cell is charged.

€6. A cell as claimed in any one of claims 55 to 65 wherein the cell

is a rechargeable cell.

c7. A rechargeable cell as claimed in Claim 66 wherein the cell

maintains greater than 55% capacity after 350 charge/discharge




0 64 wherein the cell is charged. 66. A cell as claimed in any @i
clains 55 to 65 wherein the cell 1is a rechargeable cell. 67. A
rechargeabl e cell as claimed in Caim66 wherein the cell naintains
greater than 55% capacity after 350 charge/di scharge 27 cycles, at charge
and di scharge rates such that charge ard discharge of the battery are
conplete within 2-2.5 hours and 1- 1.5 hours, respectively. 68. A
rechar geabl e ceel¢s.asatl ahaeee | andl diipreerasheradias thehcetiat neliargai resd
great er than 80% 6apackt ynafiar.1134-changeldi sghange, £yches sal,£harge
and di scharge rates such that charge and discharge of the battery are
conpl ete wit Hirn ZPYSur E23RFF Y9 Y hours, respectively. 69. A nethod of
preparing a rechargeable cell conprising a zinc electrode wherein; the
cel |l mai.gtains greater_.than % capaci.t after 350 _charge/ di schar
cycl es, 6§t' c ar%ggﬁﬁ%leaéjllsechcae?ge arsat‘gls‘?‘lméﬂcﬁnt &Flr&hggggggﬁﬁll’dié&a‘%&é of
the battery areéncompl ereais:t hinmn 202. Saprouity afderd-1.38 khbarss/diespects vel y;
or the cell ' in r an,; 808 ' r 4
char ge/ di schg?ggé%yc?t‘és%g?‘s@cﬁg?grealg%c@%laegc %%e)géea%%%esg%%chc?%rgte cahnéjr ge
and di schar g&18fPa49€ Pat'thér P2a&iFer¢onpt et Rliethi Widhhou? shawes 137 Holr s,
respectivel yhouk$icledpag-theystep of incorporating an insoluble salt of
either a C6-C30 fatty acid or a C6-C30 al kyl sulfonic acid in the zinc
el ectr ode.

69, A method of preparing a rechargeable cell comprising a =zinc

electrode wherein; the cell maintains greater than 55% capacity
after 350 charge/discharge cycles, at charge and discharge rates
such that charge and discharge of the battery are complete within
2-2.5 hours and 1-1.5 hours, respectively:; or the cell maintains
greater than 80% capacity after 1134 charge/discharge cycles, at
charge and discharge rates such that charge and discharge of the
battery are complete within 2 hours and 1.7 hours, respectively;
including the step of incorporating an insoluble salt of either a
Ce—Cazp fatty acid or a Cg-Cs alkyl sulfonic acid in the zinc

electrode.




