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ADDI TI VES FOR ALKALI NE ELECTRCCHEM CAL CELLS HAVI NG

MANGANESE DI OXI DE CATHODES The invention relates to al kaline

el ectrochem cal cells w th nanganese di oxi de cat hode and conpounds sel ected
fromthe group CaWderr], MgTierr], BaTiJerr], CaTierr],
ZnNh[err]C{err] err]TiJerr], and conbi nati ons thereof he
cat hode naterlal‘?omp#%rove t he perfornance of the cells. ﬁ%¥k§#%é§é

al kaline cells typically contain zinc anode active material, alkaline

el ectrolyte, a nmanganese dioxi de cathode active material, and an

el ectrol yte perneabl e separ ator f| | m typ| cal I y of cell uI osic and synthetic
fi béers. Conventional al BS ES |[FOR _ADLERALINE RLECTROCHEMIGAH GRIISUry such

that the total nercury cont e iaviriic| GinalhRaR mied A PRAAER MEr cury per
mllion parts by weight of ode active materi al

conpriges zinc particl es adm xed with convent i onal gelli ng agent S, such
as sodijum car boxy r I
copol ylr, and el ectrol %\%hg#ﬁ%erg%aléggtggaen éJ'%te ZI nc par PI cf‘es in

pl ace and in mﬂmmméaeaiﬂmmaéemath@deomulcnammsaeMEﬁ faomvthes t he

anode current coll ector i cal ted o.the cti
mat eri al . Ttﬁr%pkaF?‘%'eN@%%fﬁ? %i/ ) °ea| %91 aﬁ%‘ﬂd’g‘ ®ofti on of
pot assi um hydrgupird@at Des O&ﬁlﬁ:reo@ karhed el thé mmesmdtmw tbi inpzove

hydr oxi de may al so be enpl oyed The cathode material is typically of
manganese di oxife PRRECFRANGHQ £.8Be eS8 -arpunt s of carbon or graphite to

i ncrease conductivity. Conventional alkaline cells are encased in a steel

container to retain the cell conponents and reduce the chance of Ieakag .
Si nce comrerci al c@rimaryesabiralineyeglls typicpdly @entaigppdnc anode active

material, alkaline electrolyte, a manganese dioxide cathode
active material, and an electrolyte permeable separator £ilm,
typically of cellulosic and synthetic £ibers. Conventional
alkaline cells may contain zero-added mercury such that the
total mercury content is less than about 50 parts mercury per
million parts by weight of total cell. The anode active
material comprises zinc particles admixed with  conventional
gelling agents, such as sodium carboxymethylcellulose ox the
sodium salt of an acrylic acid copolymer, and electrolyte. The
gelling agent holds the zinc particles in place and in contact
with each other. A conductive metal nail, known as the anode
current collector, is typically inserted into the anode active
ma_terial. The alkaline electrolyte is typically an agueous
solution of potassium hydroxide, but other alkali solutions of
sodium or lithium hydroxide may also be employed. The cathode
material is typically of manganese dloxide and may include small
amounts of carbon or graphite to increase conductivity.

Conventional alkaline cells are encased in a steel container to

} retain the cell components and reduce the chance of leakage.

Since commercial cell sizes are fixed it has been desirable

to attempt to -enhance performance and/or useful service life of
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tosattenpt to -enhance performance and/or useful service life of

1 WD 97/ 08770

PCT/ US96/ 04268 the cell by increasing the surface area of the el ectrode
active material and by packing greater anounts of the active material into

the cell. This approach has practical limtations, since if the active
material is packed too densely into the cell this can reduce tw $6
el ectrocheni cal MEAVIER quri ng discharge, in turn reducing se l@éﬁfﬂ? 8

O her deleterious effects such as polarization can occur. Polarization

limts the nobithdYedil iBPSidkirblbing Nhe | Airatdcanéd i o thie! eledtrods aétiven
the electrolyte, which in turn retards erformance and sg vice_life. Thus,

it s desirabl BRIy PHVRAHIIS e TR TRARCHLE EPFORECETT SBpESTIAL

which in turn cghed nﬁﬁeaﬁelperf'm:tﬁar&ypr%&dhonauspi-adztmvimtatﬁoné t dimce
cel |. It has been discovered that the addition smal | ugts of

speci fi ¢ conpouhfisth® %%%MFV%I’&:tm%F“’Eoﬂ VoﬁﬁF"zF’ﬁ%/

al kaline calls e cekif cﬁbeﬁ& o

whi ch have beenaﬁunggégénc{rzggse é ?t ?%ggtée servi ce%— eioéfe

CB:aE/\q e]r _rl_ ], q NgTi ﬁ.m}g&rgeﬁgﬁﬂlteun} rﬁai'cii}gersél%vibm:ﬁer] qath?:;' dalleterious
i[err]Tigerr and conbi nations thereo ese one. or,

conbi nati on nmaySHEeSkRiSHn aﬁdﬁ?%%tﬁf”hcﬁe“f\? NPT gagnnﬁf'ﬁ‘f%lé}%
a primary (non-&mesipiwjeds abnal ktHide chel lela@cfdaﬁ acbive niaviextialeagdtwithin
conpri ses between aboﬁate .1 to 5 ercgnt b ht  of the tot aI‘-=l ca hovgilé
preferably bet weR® &BBG‘ErQ?-ﬁean(th e?‘EeﬁFzB TRERTAR performancerand SenViGs,

exanpl es 111 ust gk, { Doty ot 'i‘&ndéﬂijraﬂiéladbt PEOVIEETA oy UECBEaSding Aleh

conposi tions are by wei ght
deleterious effects which in turn can increase performance

and/or useful service life of the cell.

It has been discovered that the addition of small amounts
of specific compounds to the positive electrode of conventional
zinc/MnO, alkaline cells can increase the service life of the -
cell. The compounds which have been found to increase the
alkaline cell service life are: CaWO,, MgTiO,, BaTiO,, CaTiO,,
ZnMn,0,, and Bi,,Ti0,,, and combinations thereof. These compounds
alone or in any combination may be added in admixture. with the
MnO, cathode material of a primary (non-rechargeable) alkaline
cell so that their total weight comprises between about 0.1 to 5
percent by weight of the total cathode, preferably between about
0.3 and 3 percent by weight.

The following examples illustrate the invention and

advantages derived therefrom. (All compositions are by weight

unless otherwise specified.)




unl'ess ot herw se specified.) Exanpl e 1 (Conparative Exanple):
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A conventional primary zinc/ manganese di oxi de al kaline cell (standard C
cell), is prepared with conventional cathode and anode active material,

el ectrol yte and separat or nenbrane. The anode material may be in the
formof a gell edwgi containing nercury free (zero-added yle
al | oy powder. The t%@%’f’@nercury content of the cell is thus |g§§w

parts nmercury per mllion parts cell weight. The.anode m xture may

typically contain zjngorhdn®YoRQIVGRF UReHE /ifddaheby t dikiaec kil kAUiwd eFd1]
e.g. acrylic acid copolyner such as CARBOPOL C940 from B. F. Goodri ch; aa{]:?d

surfactants e. d3teRaaFd cCpif8dphat &8 drEPazed  ¥ithnconnertiquadn atdede
Poul enc. The ca '
ASDAE HELLY TatBpfal o MU PO bW WY BRgerdth efib¥ade, | The

per meab) e nmenbrane rayon mater
an aqueous sol anpde of mat@riadntwEyhibg) dbothelOfoxrm, KOHaaraelied o e

herei nafter re y e |yt @n> e h cLj
material in thte:séi:gn a q‘ieerl %asﬁ%%ﬁgﬁhﬁg ‘cn%rrr‘f)o itizg%; Qﬁoﬁ H"Y& :
El ectrol yti c n®¥hgatetal diexcuty ¢dhtent?pf thepielle is thus Xeks? thafl) 50 parts

ol U1 o (6. SeEeprY Bef mition Harks  FR11 Feignty . "Ahe AER REE, e o
cut-of f voltagegpoBailie Rataif z2ane0ndlIvipUpoiies)alxgtebds! B! solution,
gelling agent, e.g. acrylic acid copolymer such as CARBOPOL (940 |
from B.F. Goodrich; and surfactants e.g. organic phosphate ester
surfactant RM510 from Rhome Poulenc. The separator membrane can
be a conventio.nal electrolyte permeable membrane of polyvinyl
alcohol/rayon material. The electi'olyte is an aéueous golution
of KOH containing about 40 wt% KOH and 2 wt%¥ 2n0O, hereinafter

referred to as "agueous XOH solution”.

The cathode active material in the standard cell has the
following composition: '

Electrolytic manganese dioxide (84 wt%), graphite (9.2
wt¥%), polyethylene powder binder (0.3 wt¥) and a 7 Normal
"agqueous KOH solution® (6.5 wt%). )

Fresh standard cells are discharged to standard cut-off
voltages on the basis of a continuocus discharge test and
intermittent discharge tests. The continuous discharge is
carried out by discharging fresh standard cells at a constant
load of 3.5 ohms to a cut-off of 0.75 volts (Test A). (The 3.9
ohms continuous drain corresponds to the American National
Standard Institute (ANSI) toy test.) In a first intermittent
discharge test (Test B) fresh cells are also discharged at a
constant load of 3.9 ohms, but under the intermittent discharge
conditions of the well known ANST 1light industrial flashlight
test (LIF). In the LIF test (Test B) the cells are discharged

.. -
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intermttent discharge tests. The continuous discharge is carried
out by discharging fresh standard cells at a constant |oad of 3.9 ohns to a
cut-off of 0.75 volts (Test A). (The 3.9 ohns continuous drain corresponds
to the Anerican National Standard Institute (ANSI) toy test.) In a first
intermttent discharge test (Test B) fresh cells are also discharged at a
const ant | oad of but under the intermttent discharg S
of the well known A@'gpﬁ’p‘sght i ndustrial flashlight test (LIF). GPWF‘E
test (Test B) the cells are discharged

WO 97/ 08770 continuocusly for 4 minutes per hour Iﬁf&hﬁgﬁl PeZisid of 8 hours

?8{‘?LQES“E'yya“iéeﬁo%”“éeil% 0 L6 1 Bifef  BRS cpestod Al e i Vaeae

vol tage of ¥épeattld Sto | & cﬁltthCOVéhtaig@t ebtn tdenst doBehar ga tEStsdc'EQat
C) the fresh ceIIs are first stored for 2 weeks at 55[err].  F and then
di scharged for tﬁéntdﬁsﬂa@%cﬁf%n@eﬁ&a@’ths 5’%"?]&3&%(ﬁiﬁt

vol tage of 0.8 T SR8 thenl
El ect r ot echni ca%( Jé‘oé? er encie1 ‘?7%%; aﬁ: Ili‘l’%t gté@ I'n eac type éoafq%ogstl t erc@ef

service life (hdaysatta cuhm&ainu/dldwgeafl S .Pcobmgetio a cutoff rvoldsdige of the

Cerl's o a pul Bty oPdY srepBpmdnote 1 btidetipat lngthriiadtiicas

Peakhpower di sdcabgle_le&ﬁnaé byreal ttpj,-yluegtﬂ) ams bycH heybead:fvo&éatgerhé“gezell
res st andar cells e a a arrp e
Exper i nental 2 FEFVARS P SpOWRS SPLEVORE JoLFass g Zrearind,

In addition the peak power of the fresh standard cells are

-

determined by subjecting the cells to a pulse drain of 7 amps
for 100 milliseconds. At this drain the peak power is calculated
by multiplying 7 amps by the load voltage. The fresh standard
cells exhibit a peak power of 6.2 watts.

Example 2

Experimental zinc/MnO, size C alkaline cells identical to
that referenced in Example 1 are prepared, except that in making
the experimental cell an amount (gms) of CaWo, is added in
admixture with the cathode so that the total cathode material
comprises 1.5 percent by weight CaWoO,. The amount of MnO, in the
cathode is reduced by an equal amount (gms) so that the total
cathode weight in the experimental cell is the same as in the
standard cell of Example 1. Thus, the cathode composition of the
experimental cell in. the present example is: Electrolytic
manganese dioxide (82.5 wt%¥), CaWO, (1.5 wt%), graphite (9.2
wt$), polyethylene powder binder (0.3 wt¥) and a 7 Normal
raqueous KOH solution” (6.5 wt%). The cells are discharged at a
constant load of 3.9 chms using the same continuous discharge
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that referenced in Exanple 1 are prepared, except that in making the
experinental cell an amount (gns) of CaWwJerr] is added in adm xture with
the cathode so that the total cathode material conprises 1.5 percent by
wei ght CawJ err]. The ampbunt of MJerr] in the cathode is reduced by an
equal amount (gms) so that the total cathode weight in the experimental

cell is the sarrg‘h the standard cell of Exanple 1. Thus, tﬁﬁ. P AT
conposition of e expgrl mental cell in the present exanple is:

El ectrol yti ¢ nmanganese dioxide (82.5 wt%, CawjJerr] (1.5 wt%, graphite
(9.2 w9, polpggehylfdife PRYOBhabi vHde ganid twd %nﬁéﬁuﬁt@nﬂordﬁhhaﬁéleﬁﬁstgm

solution” (6.5 W% The cells are di schart%ed at a constant | oad of 3.9
ohns using the('I@&#E Eorand ©usdescribgigdn the comparative example (Exawple,

VD 97/ 08770 BCTE UBHE! QAR centhrien
(Test A) and tlh)e sam&*e tsv\e/orvllﬁtee:r"?'nf?te talge %gr Sgct ests (Tests B g *

described in tthe cGapog ataddité.xrerrph.e (ompazied 1):0 Titbat er obtadneAf e:l-obt sheed
in each of the three tests t he CA |(§g r to t
obt ai ned in th@%&??@gﬁ i \%s o‘fml\é\gﬁﬁéi']é?l Ve ggrpl e egrrg e 1) e
The service | iéstvdaermaseddacn%%séarﬂwtfo& Teatrnasmbﬁate%mr tTenr Mestd
i ncreased 4. 6% for Test C. These test resuif;e‘t are sunmari zed in Tabl e

1. The BHedRdpisregeedn & 6cstex oFest er TIRAE ato9h ESSHiR re

exhibits a 2. 63gplacieadci®VRblkhe. peak power of the standard cells of
Exampl e 1. Experinmental zinc/M(Qerr] size C alkaline cells
identical to

The peak power of the fresh cells, determined as in Example
1, exhibits a 2.6% decrease over the peak power of the standard
cells of Example 1.

Example 3

Experimental zinc/MnO, size € alkaline cells identical to
that rsferenced in Example 1 are prepared, except that in making
the experimental cell an amount (gms) of MgTiC, is added in
admixture with the cathode so that the total cathode material
comprises 1.5 percent by weight MgTiO,. The amount of MnO. in the
cathode is reduced by an equal amount (gms) so that the total
cathode weight in the experimental cell is the same as in the
standard cell of Example 1. Thus, the cathode composition of the
experimental cell in the present example is: Electrolytic
manganese dioxide (82.5 wt%), MgTiO, (1.5 wt%), graphite (9.2
wt%), polyethylene powder binder (0.3 wt%) and a 7 Normal
®agqueous KOH solution" (6.5 wt%). The cells are discharged at a
constant load of 3.9 ohms using the same continucus discharge
test (Test A) and the same two intermittent discharge tests
(Teste B and C) described in the comparative example (Example
1). The service life obtained in each of the three tests with
the MgTiO, additive is compared to that obtained  in the
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that referenced in Exanple 1 are prepared, except that in making the
experinental cell an amount (gns) of MgTiJerr] is added in adm xture with
t he cathode so that the total cathode material conprises 1.5 percent by
wei ght MgTi J err]. The anount of M err] in the cathode is reduced by an
equal anount (gns) so that the total cathode weight in the experinental .
cell is the sa | he standard cell of Exanple 1. Thus, t

conposition of ﬁ@%l mental cell in the present exanple |g&m‘§
El ectrol yti c nmanganese dioxide (82.5 ww%, MTidJerr] (1.5 wt%, graphite
(9.2 w9, pol geiresiningWieeehi dflecotBadativl) affple/ (Biiphle’ alqueoua-hgm
solution" (6.5 w The eI | s are discharged at_a constant | oad of 3.
ohns usi ng thesgﬁ}%: Bﬁ?%ﬁ%‘%l‘%r’gfe foEsTepl A igcreagednd. 34 80% \ﬁ?‘t
nterm ttent dpschal ogntRsseal T85i¢ Bo2N1Ordsk descrbfdhd NckbE GRERIER! lats
exanpl e (Exarrpl e 1). The service |ife obtained in each of the three tests
with the MyTi Chemmariaedi invEabile denpared to that obtained in the
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correspondi ng test of conparative exanple (Exanple 1). The service | |fe
i ncreased 5. 1% for Thetpéhk poweeast ot Feeshr cé’m Beaeﬂnirmr aasged

for Test C Thes % I%s are sumari ze abl e The peak
power of the ftes its ad ¢ &F nERCERaRS [9YeE, & be’?st%eosﬁ%dud
decrease over teE19asIK Epanple Qf. the standard cel I s of Exanpl e 1. Exanpl e
4 Experinmental zinc/M{Jerr] size C alkaline cells identical to that

referenced in Exanple 1 are prepared, except that in nmaking the
experi ment al chunt (gnms) of BaTierr] is added in

Experimental zinc/MnO, size C alkaline cells identical to
that referenced in Example 1 are prepared, except that in making
the experimental cell an amount (gms) of BaTiO, is added in
admixture with the cathode so that the total cathode material
comprises 1.5 percent by weight BaTiO,. The amount of MnO, in the
cathode is reduced by an equal amount (gms) so that the total
cathode weight in the experimental cell is the sawe as in the
standard cell of Example 1. Thus, the lcat:hode composition of the
experimental cell in the present exémple is: - Electrolytic
manganese dioxide (82.5 wt%), BaTiO, (1.5 wt%), graphite - (9.2
wt$), polyethylene powder binder (0.3 wt%¥) and a 7 Normal
"agqueous KOH solution" (6.5 wt%). The ceils are discharged at a
constant lcad of 3.9 ohms using the same continuous discharge
test (Test A) and the same two intermittent discharge tests
(Teste B and C) described in the comparative example (Example
1). The service life cbtained in each of the three tests with
the BaTiO, additive is compared to that obtained in the
_corresponding test of comparative example (Example 1). The
service life increased 3.5% for Test A, increased 2.3% for Test
B and increased 4.8% for Test C: These test results are
summarized in Table 1.



adm xture with the cathode so that the total cathode material conprises 1.5
percent by weight BaTidJerr]. The anmount of Miderr] in the cathode is
reduced by an equal anount (gns) so that the total cathode weight in the
experinmental cell is the sane as in the standard cell of Exanple 1. Thus,

t he cat hode conposition of the experinental cell in the present exanple

I S: El ectrol yty anese dioxide (82.5 wt%, BaTiJerr] (1 0
graphite (9.2 \w{‘% ipoil yet hyl ene powder binder (0.3 % and Mm
"aqueous KOH solution" (6.5 wt% . The cells are djscharged at a constant

| oad of 3.9 ohns usirhg Jséaﬂ: PeNBr CONtinyIgeesl calllw, Jact @fitinedeas 1N mamMpile

sanme two intermttent |scharg§ tests (Tests B abd C) described in the

conpar ati ve exhnpthibikgnp &-4% . inqranse. OVREthe fRRaK, PIVREJOF nthey @tapdarde

three tests vvi‘t:gljynggI?ﬂfé Iy, additive is conpared to that obtained in
the corresponding test o conparati ve exanple (Exanple 1). The service

|ife increased 3.5% for Test A, increased 2.3%for Test B and i ncreased
4.8% for Test C These test results are summari zed in Table 1.
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The peak power of the fresh cells, determned as in Exanple 1, exhibits a

2.4% i ncrease gver .the peak power of the standard cells of Exanple 1.
Experi nment al z&m#err] size C alkaline cells identical to that
referenced in Exanple 1 are prepared, except that in raking the

experinmental cell an anount (gms) of CaTiqerU i.s added in .. '
Bxperimental zinc/MnO, size alkaline cells identical ¢t

that referenced in Example 1 are prepared, except that in 'making
the experimental cell an amount (gms) of CaTiO, is added in
admixture with the cathode so that the total cathode material
comprises 1.5 percent by weight CaTiO,. The amount of MnO, in the
cathode is reduced by an equal amount (gms) so that the total
cathode weight in the experimental cell is the same as in the
standard cell of Example 1. Thus, the cathode composgition of the
experimental cell in the present example is: Electrolytic
manganese dioxide (82.5 wt%), CaTiO., (1.5 wt%), graphite (9.2
wt¥), polyethylene powder binder (0.3 wt¥) and a 7 Normal
"agqueous KOH solution®” (6.5 wt%¥). The cells are discharged at a
constant load of 3.9 ohms using the same continuous discharge
test (Test A) and the same two intermit:tent discharge tests
(Tests B and C) described in the comparative example (Example
1). The service life obtained in each of the three tests with
the CaTiO, additive is compared to that obtained in the
corresponding test of the comparative example (Example 1). The
service life increased 6.8% for Test A, increased 3.5% for Test
B and .increased 5.0% for Test C. These test results are
summarized in Table 1.

The peak power of the fresh cells, determined as in Example
1, exhibits a 9.6% increase over the peak power of the standard
cells of Example 1.



adm xture with the cathode so that the total cathode material conprises 1.5
percent by weight CaTiderr]. The anmount of Miderr] in the cathode is
reéluced by an equal anount (gnms) so that the total cathode. weight in the
experinmental cell is the sane as in the standard cell of Exanple 1. Thus,
the cathode conposition of the experimental «cell in the present exanple

IS : El ectroly. ERganese diroxide (82.5 wt%, CaTierr] ( 9
graphite (9.2 W%, pol yet hyl ene powder binder (0.3 W% andjpaé.%%

"aqueous KOH solution” (6.5 W% . The cells are discharged at a constant

| oad of 3.9 ohns using the sane continuous di scharge test (Test A) and the
sane two intergittent discharge tests (Tests B and C) described in the
conparative exg‘ﬁﬁn@&éaml e 1). The service life obtained in each of the
three tests with the CaTiO additive is corrpared to that obtained in the
correspondi ng test of the conparative exanple mple 1). The service life
i ncreased 6. 8%for mﬁrm‘ﬁﬁr HREAMIOH 9828y e%ltk%i&ﬁdcﬁﬁkﬁ‘ eddentiradosto

for Test C. ukts 1SUABEL ab T@ R k
power of the fres f# ét %%l neg %s i n dh%, Lﬁ tittgag én '
i ncrease over the ;m@lerpmemmlof celic ana@veunt cdbns) obeMCh is added in

Pcrr uses! 042683M§gg£ with- the  Gaede Ao ARt (ke SBEEPRS, PRkeTEAY o

identical to tleolpriées anceperterdtx dypweidhttZnMaiGpaTRS anbeaepbE NG, i the
meki ng the experi

adm xture wit h°FF|§°€%t ﬁ%ggle‘%‘ﬁ:ae(%n?ﬁr;p?% ?(‘g{gil %‘ﬁgg/g%g %‘P :i":shggded Is"g%taﬂ- 5
percent by vei gatndadhb@igliOsi rdne hipediRbnta cdICT £ EMe Isauieh%s in the
standard cell of Example 1. Thus, the cathode cowmposition of the
experimental cell in the present example is: Electrolytic
manganese dioxide (82.5 wtt), ZoMn,0, (1.5 wt¥), graphite (9.2
wt¥), polyethylene powder binder (0.3 wt%) and a 7 Normal
"agueous KOH solution® (6.5 wt%). The cells are discharged at a
constant load of 3.9 chms using the same continuous discharge
"test (Test A) and the same two intermittent dJdischarge tests
(Tests B and C) described in the comparative example '(Example
1). The service life cbtained in each of the three tests with
" thé 2znMn,0, additive is compared to that obtained in the
corresponding test of the comparative example (Example 1). The
service life increased 2.2% for Test A, increased 0.8% for Test
B and increased 2.3% for Test C. These test zresults are
summarized in Table 1. '

The peak power of the fresh cells, determined as in Example
1, exhibit a 10.6% increase over .the peak power of the standard
cells of Example 1.

Example 7

Experimental zinc/MnO, size C alkaline cells identical to
that referenced in Example 1 are prepared, except that in making



cathode is reduced by an equal anount (gns) so that the total cathode

weight in the experinental cell is the sane as in the standard cell of
Exanpl e 1. Thus, the cathode conposition of the experinmental cell in the
present exanple is: El ectrol yti c nmanganese di oxide (82.5 wt%,

ZnMh[err]derr] (1.5 ww%, graphite (9.2 w%, polyethyl ene powder binder
(0.3 W% and a_7 %ormal "aqueous KOH solution” (6.5 wt%. The cells are
di scharged at a WA | 0ad of 3.9 ohnms usi ng the sane conti 263
di scharge test (Test A) and the sane two intermtjent discharge tests

(Tests B and (gnelesgidrdigdntal ! BR1ILORARBMINE CmdNP| 8¢ (BXMY,S {8 - addéd in
service life obtained in each of the three tests with the ZnI\/h[err]CIer;l
additive i s codsdrsyreovitht thet aathade ot kBakothespsfirhgcatdede matpzi
conparative e%E? I e | lpsfee. | NeiRaaRcurd P | Tegt
A, increased 0. 8% 8%’5?3?? ge%er?é }ﬂc‘f'%a %ﬂdcﬁ%‘%ﬁ ofﬁﬁrest C. %éTrr\'g{s?é ?%st
resul ts are sushear¢athbden imbredysed by an TeguakaRmowwer (gws)t [ae frhath the

| 1's, det ' ' le 1, i bit . % i
Ce Lo ot ot =t Ry Wl 11l Db BEr 0P U ablafoR
zinc/Mngerr] dt&ia@t@nﬂhkﬁl f[:e\:el (6252 Eﬁ:aﬁpﬁmj.cahubov\%hg;c;a%%ecmsﬁni&aapl e
1 .. except .tha n I ..
PCH USB6 ba2GeEhs Eabneart f | the, nreseRE EREOLSY L6 | FAACHRGREEES

i s added in adiinganeBeVaibxide @f.Bogers0 Bhiatid.he(u.6t atyrat ig8t enbap
conprises 1.5 percent by weight Bi[err]TiJerr]. The amount. of MhQerr]_in
the cat hode i ¥%%dducPelygthiensypowdesyRigders) (Qod ¢ /%8 ¢ 10 o al? cHoFBAL

Exanpl e 1. Thuc Bt BOR abRicadel E I Nee) *{ haa, cons a2l BldTERusadhy a
present exanplesrnstantE|lead ¢ifyt3.® ohms using the same continuous discharge
test (Test A) and the same two intermittent discharge tests
(Tests B and C) described in the comparative example (Example
1). The service life cbtained in each of the three tests with
the Bi,,TiO,, additive is compared to that obtained in the
corresponding test of the comparative example (Example 1). The
service life increased 8.1% for Test A, increased 3.9% for Test
B and increased 3.6% for Test C. These test results are

summarized in Table 1.

The peak power of the fresh cells, determined as in Example
1, exhibit a 10.3% increase over the peak power of the standard
cells of Example 1.

In sum, each of the cathode additives described ir_x the
examples results in an improvement in service life of the
alkaline cell as shown in Table 1.



manganese dioxide (82.5 w%, Bi[err]Tigerr] (1.5 ww%, graphite (9.2

w % , polyethylene powder binder (0.3 wt% and a 7 Normal "aqueous KOH
solution" (6.5 % . The cells are discharged at a constant |oad of 3.9
ohnms using the sanme continuous di scharge test (Test A) and the sanme two
intermttent discharge tests (Tests B and C) described in the conparative
exanpl e (Exanpl e service |ife obtained in each of the S
with the Bi[err] rl additive is conpared to that obtai nedwgwéﬁgs
correspondi ng test of the conparative exanple (Exanple 1). The service life
i ncreased_8.1% for Test A, increased 3. 9%ABGE Iest B and increased 3.6%for
Test C. These test results are sunmmarized in Table 1. The peak
power of the fresh¥cehdditidet er ki Incrense inBerpice Lifexhi biét Incisas@ddn

i ncrease over the pmataghods of the st@n@apdolms | s of ExanplPeak.Power In
sum each of the cathode additiveassiagcri ekt B*t h@esxadhl es results in an
I nprovenent in service life of the alkaline cell as shown in Table 1.

9 WD 97/ 08770

PCT/ US96/ 04268Cawo, 1.5 3.2 '+5.1TABLE+A1.6 2.6
MgTiO, 1.5 +5.1 +0.9 +3.7 -0.1
BaTioO, 1.5 +3.5 +2.3 +4.8 +2.4
CaTig, 1.5 +6.8 +3.5 +5.0 +9.6
ZnMn.0, - 1.5 +2.2 +0.8 +2.3 +10.6
Bi,,Ti0,, 1.5 +8.1 +3.9 +3.6 +10.3

Notes:

1. Continuous discharge of fresh cells to 0.75 volts.

2. Intermittent discharge (Light Industrial Flashlight
Test) 4 minutes per hour for 8 houra followed by 16
hour rest and repeat cycle to cut-off voltage of 0.75

. volts.

3. Cells stored 2 weeks at 55° F followed by intermittent
discharge for 1 hour per day to cut-off voltage of 0.8
volts. )

Additionally, the peak power improves in the case of
addition of cathode additives BaTiO,, CaTiO,, ZnMn,0, or Bi,TiO,.
There is essentially no change in peak power when the MgTiO,
additive is employed. The 2.6% decrease in peak power observed
with the use of CaWO, cathode additive is more than offset by the
significant increase in service life of the cell which can be

realized when employing such compound.

Increase in service life of the zinc/MnO, primary
(non-rechargeable) alkaline cell can also be obtained by mixing
the above described additives in any combination and adding the
combined mixﬁure to the MnO, cathode during preparation of the
cathode mix. The above adaitive or any combination !:hereof is

10



% Addi ti ve % I ncrease in Service Life % I ncrease in i n Cat hode

@ 3.9 ohns Peak Power Test Alerr] Test
Blerr] Test ([err] CaWJ err] 1.5 -3.2 +5.1 +4.6
-2.6 MgTigerr] 1.5 +5.1 +0. 9 +3. 7 ' -0.1
BaTiJerr] . 1.5 +3.5 "+2.3 +4. 8 +2.4 CaTiJerr]
1.5 +6. 8 +3.5 +5.0 +9.6 ZnMi[err] ( er rgefm +2. 2
+0. 8 +2. 3WOIBT 10 6 Bi[err]Tiqerr] 1.5 +8.1 %’."‘3_‘8

+3. 6 +10. 3 Not es: - 1. Continuous discharge of fresh cells to

0.75 volts.  agvantagbdiifiyahigdttdlichelRhOS cakholé dfnPuihdielalkadshei ght

Test) 4 finutes per hour for 8 hours followed b h rest and

. y .16 ur
repeat cycl e aedlsygockhat, fheafetak weight of the ggdjtive compxises hetweey, o
2 weeks at 5%hen g/\@g ' ] icaehedg@e for 1 hour
per day to cut -OH E\'/5c')lo‘t'{’age Of@%:}%'ﬁf%&bh@\%if ttél.e totaX Additionally, the
peak power i puefersbly hétweensabait £13 _RREN3 @excsnhJae wedght; ves
BaTiJerr], CaTiJerr], ZnWn[err]err] or Bi[err]TiJerr]. There is
essent;ially no change in peak power when the MgTiJerr] additive is
enpl oyed. The 2. 6%Tigniuems ehé rpresakt pimesntilene wae ddescriibed ovitde reépect

CawJ err] cathode additive i.§ nore than, of t by the, si ficant..increase
in service | % S5 ﬁé"cﬂ%"d&?ﬂ?’&?td’ﬁ ﬁ@%&%ﬁ%%%’f%ﬂ%@i‘@nﬁf&ﬁ“
conpound. are posBEHEESEthbut Cdepertingl Exon dHee cohesgtVio€] ehe] primary
(non-rechargeabl e) al kaline cell can also be obtgined %\é mﬁl 3:9 t.he above
descri bed addAAMeREdoRn aFRME:oKBE AAVERTIGRI18 Rt JoFRRAeY iR Re %0

the MiJerr] gadiode abodiinedt8) Al iX¥itnal 166 itpR0Ue réflectée Mpate
addi tive or any conbination thereof is
10 claims and equivalents thereof.

11
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advant ageo jmnﬁm n"tlmll"m Mg err] cathode of primary al kaline cells so
that the t raddi tive conprises between about 0.1 to 5

*

percent by wei ght "of "t ht total cathode, preferably between about 0.3 and 3
percent by weight. . Al t hough the present invention was described with

respect to specig,s dinents, it should be recognized that L.alJ
are possible wt %u eparting fromthe concept of the inventi %&Hﬂwg&

the-invention is not intended to be limted to specikfic enbodj nents, but
rat.her its scowmAT I @rlagsiepdidy the clains and equival ents thereof. .

WD 97/ 08770 PCT/ US96/ 04268  WHAT
| S'CLAIMED I S: 1. An el ectrochem cal cell conprising an anode, an

aqueous al kal i ne el g¢t ARl ¥l dete@btbmital @l ebnirdsingdan meae0dth GoRabLa! NY

manganese di oxi de, said cathode further conprising an additive sel ected

from the groupadfaldae @iessrolhs isolwticta\\gl 8pPRTatArTABACR IGathedsi Jerr],
CaTi , Z ' Ti ' |
thercor | "o iate pnanled quBkldel, il ariliad BirbAl chibtling an
al kal i ne el ectaddittisres slelbcped fromephe gfroupaot eompdundecconprikisg NTAWO,,

di oxj ' th | Si an additive_sel ect ed
[rom he or ouPEFio BBTis. CoTiShr oG-S TB Bow] s PPy rqouffacEon

CaTiJerr] or emereg®ibi nati on thereof.

2. An electrochemical cell comprising an anode, an aqueous
alkaline electrolyte solution, a separator and a cathode
comprising manganese dioxide, said cathode further comprising an
additive selected from the group of compounds comprising MgTiO,.,
BaTiO,, or CaTiO, or any combination thereof.

_3. An electrochemical cell comprising an anode, an agueous
glkaline electrolyte solution, a separator and a cathode
comprising manganese dioxide, said cathode further comprising
CaTio,.

4. An electrochemical cell comprising an anode, an agueous
alkaline electrolyte solution, a separator and a cathode
comprising manganese dioxide, said cathode further comprising
ZnMin,O, .

5. An electrochemical cell comprising an anode, an agueous
alkaline electrolyte solution, a separator and a cathode
comprising manganese dioxide, Isaid cathode further comprising
Bi,,Ti0,,.

6. The electrochemical cell of claim 1 wherein said cell is
a primary (non-rechargeable) alkaline cell having an anode
comprising -zinc.
' 12



3.« An kaaleecel | conprising an anode, an aqueous al kaline
el ect damﬁﬂﬂ;m gﬂllIF separator and a cathode conprisi ng manganese
dioxi dey sal d Cat urther conprising CaTierr]. 4. An

el ectrochem cal cell conprising an anode, an aqueous al kaline electrolyte

solution, a separator and a cathode conprising nmanganese di oxi de, said

cat hode furt her“mg.hgi ng ZnMh[err]Jerr]. 5. An el GW I
cell conprising an.anode, an aqueous al kaline electrolyte sol : §

separator and a cat hode conpri si ng manganese di oxi de, said cathode further

conprising Biferr]Tierr]. 6: The electrochem cal cell of claim1l
whérein said cell is a primry (non-rechar:cljeabl e) .al kaljne cell having an
anode conpri si ng zilnc The electrochemical cell of claim 2 whergin said cell is\\p
97/ 08770 a primary (Inon-rechargeable) alkaline &GN Wa¥8h84%dAnode 7.
The el ectrochem cal cell of claim2 wherein said cell is a prinary

(non-r echar ge&PFR¥igdng|Zime.cel | - havi ng an anode conpri sing zinc. 8.
The el ectrochem cal cell of claim3 wherein said cell is a primary

(non-rechargeabl e) al kaline cell having an anode conpri sing zinc.
8. The electrochemical cell of claim 3 wherein said cell is

a primary (non-rechargeable) alkaline cell having an anode
comprising zinc.

9. The electrochemical cell of claim 4 wherein said cell is
a primary (non-rechargeable) alkaline cell having an anode

comprising zinc.

10. The electrochemical ¢ell of claim 5 wherein said cell
is a primary (non-rechargeable) alkaline cell having an anode
compfising zine.

11. The electrochemical cell of claim 1 wherein said
additive comprises between about 0.1 and 5 percent by weight of
the cathode.

12. The electrochemical cell of claim 1 wherein the
aqueous electrolyte solution comprises potassium hydroxide.

13. The electrochemical cell of claim 1 wherein the total
mercury content in the cell is less than 50 parts per million of
total cell weight.

14. The cell of claim 1 wherein said additive has the

effect of increasing the service life of the cell when the cell
is discharged to about 0.8 volts with a load of 3.9 chms.

i3



9. :The el

(non-rechargeabl e) al kaline cell havi _
107 The el ectrochenical cell of claim5 wherein sd

ectrochem cal cell of clai % & A 'sg?ld
\Y; <

(non-rechargeabl e) alkaline cell having an anode'“-”

11. The el ectrochem cal cell of claim1l wherein g PR €S
bet ween about O. 1 per centy, ‘ eTal . ,{;j{;‘f The
el ect rochemi cal claim 1 erel ﬁnﬂnhmahﬁwo.s*;ﬁel eet.:r-_--'p’l"-yg =3 [
conpri ses qummxdemLﬂmnonmusmuuﬁm FIEPOTENT COOPERATIORITREATY (PCT)
claim1l VFET Sy ) L,w Y CONMCENC L IlLIm-J Cer SISE TESs TTar y
per mlli g E %@P vvelg e ' W
sai @ addift Vg g #8t of increapfthe (éhﬂuﬁﬁﬁwmuﬁbxfmeof tl‘ﬁwﬁ&h@cosmm
when t he cc!! -S~eH-Seharget—to—about—o—-8—vott+s—wt+t—a—toatd—ot—3—9ohrs—
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compounds CaWOj,, MgTiO3, BaTiOs, Ca'l‘i03. Znano.;, or Bi2TiOyp or any combination thereof is added to the cathode of conventional
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