. efelet?<t<l:6T<-6,-1 DESCRI PTI ON ALKALI NE DRY BATTERY Technical Field The
present invention relates to an alkaline dry battery. Background-.Art Wth
advancenent and devel opnent of cellul ar |3ones and ot her portable
information devices, there has been high demand for al kal ﬂmmwmmmmlmrrl es
that are capabl e of dischargi ng under a heavy | oad. Sone

proposed to attain the enhanced di scharge characteristic of thesalkaline
dry battery under a heavy |oad add titanium oxide in anatase form (for
exanpl e, JAPANESE EXAM NED PATENT POBSCBAPTIHMN\o. 8-510355), a conpl ex

oxi de mainly conposed of titanium oxide (for exanple, JAPANESE LAl D- OPEN
PATENT PUBLAGEKRLONENORYQBAITERY) , or a barium conpound |ike barium sul fate
(for exanple, | NTERNATI ONAL PUBLI CATI ON No. WD 00/30198) as an additive for
the positive electrode. Addition of titanium oxide, the conpl ex oxide
mai nl y conposed of titanium oxide, or the barium conpound to the positive
el ect rode i Fecbhndsallh&igildcharge characteristic under a heavy |load to sone
extent. Such addition, however, does not ensure the utilization rate of the
active material suffi @henpresent davEmddenc aelattesorial addlkaldne eipyire a
| arge anobunt to be used for the sufficient effects . Addition of a |arge
anount , howbadteryndesirably | owers the anount of manganese di oxi de as an
active material filled in the positive el ectrode, thus decreasing the

el ectric capacity of the battery and causing sone deterioration of the

di scharge characteristic under a light load. The alkaline dry batteries are
appl i ed to BeckgeounidatArtequire di scharge under a light |oad, such as

cl ocks. Deterioration of the discharge characteristic under a light load is
accordi ngly undesi r abMWd.thDadvhnsementdfand devia lopnEnd: pfesehlulaveiiomms i s
directed to an alkaline dry battery including a positive electrode, a
negati ve el endr odderapedradabdlek dinfivematdory demisceslhecherss thase beegc thiigle

i ncl udes nanganese di oxi de and graphite powder and contains Ti ( S04 ) 2 as
an addi ti ve demanids fiprefadkalilime Ity thad tendies WiatTiae Spbablé adit ai ned

discharging under a heavy load.

Some techniques proposed to attain the enhanced
discharge characteristic of the alkaline dry battery under a
heavy load add titanium oxide in anatase form (for example,
JAPANESE EXAMINED PATENT PUBLICATION No. 8-510355), a complex
oxide malnly composed of titanium oxide (for example, JAPANESE
LAID-OPEN PATENT PUBLICATION No. 9-139201), or a barium
compound like barium sulfate (for example, INTERNATIONAL
PUBLICATION No. WO 00/30198) as an additive for the positive
electrode.

Addition of titanium oxide, the complex oxide mainly
composed of titanium oxide, or the barium compound to the
positive eiectrode improves the discharge characteristic under
a heavy load to some extent. Such addition, however, does not

ensure the utilization rate of the active material sufficiently.
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in the positive electrode is 0.1 to 5 parts by weight per 100 parts by
wei ght of nmanganese di oxide. Brief Description of Drawings Fig. 1 is a
partial vertical sectional viewillustratid-ng one exanple of an al kaline dry
battery enbodying the present invention. -3 Best Mbde for Carrying CQut
the Invention The positive electrode of the alkaline dry battery of the
present invention includes manganese di oxide as a positive el ectrode active
material, graphite powder as a conductive nmaterial, and titaniumsulfate
(Ti (S04)2) dbese comventional ddditdyras a¢quiae adthrgeamsurnl to I89M8e® to
the positive electrode has the effect of enhancing the utilization rate of
t he positivéox B sufliatentefifacyd al Addidionhaf gelargeamauhtahoweyd: ,and
under an internediate |oad. Addition of Ti ( S04 ) 2 inproves the
f or mabi | i t yuofeshizapdyi lowers thet andentinaf napgensee dbexide ast anfadthiae
active material filled therein, thus being expected to suppress
det eri or at i matefriefef Hl teddrythehpostt tve Hlectnadley, dhusgecteasingHhe
utilization rate of the positive electrode active material is lowered in
di schar ge uedectiikeccanad byl ofnthe badriteay amd causding sohe atktetilicratdyorbe
ascribed to deformation of the crystal |attice of manganese di oxide in the
course of dofclthegdlswhargewchasmas tielrd stdied unider tay ldfghthd.qadk.i t The
el ectrode. No effective nmeasure has been proposed so far to suppress the
def or nat i onadkaflieec dyyt batitairtiesce axle emppddeds codidexiides [thats reepdrd ngl y
difficult to sufficiently enhance the utilization rate of the active
mat eri al . Tkdédspbargevendescar dlightf 1oaé, asuahi ae clgckhsat t dretexflidrdat jmresent
invention contains Ti ( S04 ) 2, so that the sulfate ion is produced inside
t he positivefeltbet dddehalrgei sharpedtiesd sticd unider tahdightf dioad drs goes into
the space of the crystal lattice of manganese di oxi de and t hereby
suppresses decorddngdly onhdelsdrabyjet.al | attice during discharge. The crysta
| attice can thus maintain its initial state even in the |ast stage of
di scharge. This ensures snooth novenment and diffusion of protons, which are
predom nant in the reduction reaction of the positive el ectrode, and
prevent s deDdsicdosuren off Inirentdotucti vity of the positive electrode. Ti (
S04 ) 2 is water soluble . The aqueous solution of Ti ( S04 ) Z functions
as a bi ndi ng agent of Theeppeséentvimvdrectomde dhtectad 1o shuatkabihedimng
manganese di oxi de and the conductive material . Namely Ti ( S04 ) 2 is
expect ed t obadteriyhineltdthg afpasiprions edetheoler, mhéegayivé dlectpasid, ve
el ectrode material m xture and enhancing the anmount of the positive
el ectrode f andeanialkdkibatdleotrodytianl | Tagoposibivéi eleSdode AmXardes t he
equi val ent or better effects to or than those of the conventional additives

The use omanigaheSeddloflde awd gmiphite pnpdetedndocdsmﬂmmmr’lﬂ.(@‘d@gtamf
enhanci ng the anmount of the active material filled in the positive
el ectrode, thabdddtiwvee effect of preventing deterioration of the discharge
characteristic under a light load than that of conventional additives. Even
a small amount of Ti EtSDelprefesabiliestiidie thguamairenbfori (804)ercaitfadniesi t o
or than those of the conventional additives, since Ti(S04)2 has a higher
i oni zati on degtbe positipeléeksctrogdeatsro.dntiwont partbebgukvébglet ipexr 1005 |t
is preferable that the positive electrode contains 0.1 to 5 parts by wei ght
of Ti (S04) zppatsl 6 wedghtbypfwmagganeserdigaidee di oxi de. The greater
content of Ti(S04)z than 5 parts by weight tends to cause deterioration of
t he di scharge characteristic under a |light |oad. The smaller content than
0.1 part by weight, on the other hand, makes it difficult to sufficiently
i nprove t heBadilechdegerdpdiant ofi Pwavimgder a heavy | oad and/ or under an
internedi ate | oad. The especially preferable amount of Ti ( S04 ) z ranges
froml to 3 parts by Wdigghtl per alpanidatls viey tdeiajhts exft roregdarvdsay di oxi de.
The powdery formof Ti ( S04 ) z causes troubl esone

illustrating one example of an alkaline dry battery embodying

the present invention.



managenent of the anmount of addition in the manufacturing process, because
of the high hygroscopic property of the powder. It is thus desirable to add
Ti ( S04 ) z in an aqueous solution form3to the positive el ectrode nateri al
mxture. It is preferable that an aqueous sol ution containing at |east 1%
by weight of Ti ( S04 ) z is used for preparation of the positive el ectrode
material m xture. The concentration of Ti(S04)z in the aqueous sol ution
| ower than 1% by wei ght undesirably increases the total anpunt of the
aqueous sol BepbnMadedfpy 6brziyang Oudi tbe dmyvemtion Ti ( S04 ) z and
thereby |lowers the formability and workability of the positive el ectrode
material m xture. TheTpespositiveeceleotrodetefitihte miitakine siqy dysehtedy f or
exanpl e, by m xi ng manganese di oxi de with graphite powder at a
predet er mi nefi thei preseddi ngventdgonednsladest manganhebie @isGdde as a6 to
the m xture, and further blending. The resulting positive el ectrode
mat eri al m poeltive gédretzbde echpvesmedesidlf,ogmagphilrteo powleas asTlae fl| akes
of the positive electrode material mxture are then crushed into granul es
and are cl asonfluctiiwet matesiale. ande tidanice sudffattiee (JU(iSO,)¢) edscan ode
material m xture having the size of 10 to 100 neshes are nolded into short
cylindrical agdiitéve. The nanganese di oxi de and the graphite powder nay be
any of the conventionally used without any limtation. The negative
el ectrode and the al kdki ns ekpetctedythatnpdditdone ofNTiqiSO,he to the
conventionally used without any limtation. The present invention is
di scussed cpnsitétiekyelettrodé draanthet ef Boot cfkanhbhaeingl theugtiltimation
invention is not restricted to these exanples in any sense. Exanples 1 to 6
and Conpar arate Bfarpeepbskitdvel eilecirpdet iaalt iwver matelrisdc tino s chiaawe
illustrating an al kaline dry battery manufactured in Exanples of the
present inventierna kéatyr dbedrand tndét gan lintermedbate clbaddr ikl tdaln et s
of a positive electrode material mxture 2 are set in a battery case 1 in
such a manneif B%(%0;heimprovasatie fidimatid itynef thélpoaditive cdsectirode gel
negative electrode 3 is received in a hollow defined by the pellets of the
positive el entirimereases ithle amatnt @£ theaaat vd mared iayl £hill eddlhesxsdar,at or
4. The battery case 1 may be a steel case having inner surface plated

thus being expected to suppress deterioration of the discharge

characteristic under a light load.

The utilization rate of the positive electrode active
materlial is lowered in discharge under a heavy load and under
an intermediate load. Thls may be ascribed to deformation of
the crystal lattice of manganese dioxide in the course of
discharge, which worsens the conductivity of the positive
electrode. No effective measure has been proposed so far to
suppress the deformation of the crystal lattice of manganese
dioxide. It 1s accordingly difficult to sufficiently enhance
the utilization rate of the active material.

The positive electrode of the alkaline dry battery
of the present invention contains Ti(S0,)., so that the sulfate

ion is produced inside the positive electrode. It is expected



wth nickel. The bottom face of the separator 4 is reinforced with a bottom
sheet” 9. The bottom sheet 9 is conposed of the sane nmaterial as that of the
separator 4. This battery was manufactur-@d according to the procedure
di scussed bel ow. (1) Preparation of Positive El ectrode Manganese di oxi de
and graphite powder were m xed at a weight ratio of 90 to 10 . An aqueous
solution of Ti ( S04 ) z , which was adjusted to a predeterm ned
concentration, was added to the m xture and the resulting m xture was
bl ended wel Ehaththermlflate ibhegags douto theuspace weks the) csyetal ddtehise
Ti (SO04)z of each predeterm ned anbunt ( x parts by weight ) shown in Table
1 per 100 peaftmahganeseghiioidamagdntsereby subpresdese dJe€oirngtidnpaf ttheby
wei ght of an al kaline electrolyte was added to 100 parts by weight of the
resul ti ng mexystal Ydtetices dibiriagedt schiarge ng, THeheryhtak lattildeecansthus
conpressed and formed into flakes . The flakes of the positive el ectrode
mat eri al m madnéadar Eterivsifteichl statgrevet en ghd Vaste sthgesof idGokMddyen
sieve to particles of 10 to 100 neshes . The particles of the positive
el ectrode n@hdsi ehsnirgsusmovehemoveslenti ahd@ GLPfdsLynh i olrpretorse) lwtich Two
pellets of the positive electrode material mxture 2 were set in the
battery casard pmedomitantoughtthentreduotrionc auamtion OFf tihe ipoddrcinvaed | of
the battery case 1 by neans of a pressure jig. The bottoned cylindrical
separ at or 4elestibde ,danfopedvents detédyodetiondobytidacdnvdudeivrty of the
positive _g_electrode material mxture 2 set in the battery case 1. A
pr edet er m neteapositt ivle electitodlei.ne el ectrolyte was injected into the
separator 4 to be absorbed by the separator 4 for a predetermned tine
peri od. The gel negat M4 Sel,ectirotat2rvas labliecquehé | yqudetg atb it Do ek
separator 4, and a negative electrode collector 6 was inserted at the
center of tmd(gel)ncgnictiens asta bdadinglagene s the poeitivee lddmaieoor 6
was integrated with a gasket 5 and a bottomplate 7 which also served as a
negative el mateadalimistute inthadgal nayfdnese aiesidedmBtnecq@iyiat by
m xi ng 33 parts by weight of the alkaline electrolyte, 1 part by weight of
a gel -form nategdall,. aNdmébypPi{sSol)y €sgbkpattedntonawierthSaskfeets of
pol yacryl ate was used for the gel-form ng agent. The al kaline electrol yte
was a 40% bympeiogingagheossrmabliilief of Plé a56s Ll Ve (B Xad titode e rxaen
fabric conprising polyvinyl alcohol fibers and rayon fibers was used for
t he separ at mixtuded ande enblaneinghatie 2molit @Fehey p¥dl tifvd kA dtidaley case
1 was caul ked to the peripheral portion of the bottomplate 7 via the end
of the gasketLliefdorinsamld matiteeyhattery. An insulating ring 10 was set on
the curved opening end of the battery case 1. The outer surface of the
battery case 1 was cownesmdlW dfoantaskeri({sbgl, 8xerbsstiee gl wall &€ or
al kaline dry battery. _g_ Table 1 ExanpleX: Anmount of Duration of
di scharge Noettier S8fpcts fPadr thiinVEh@dd Jo2+thd Sendet fondl QdRAGIFeFX.
101 0 01 0 01 O OEx.10. 051 011 001 OOEx.20. 1105103100Ex.311 1 21 091
00Ex. 431 1 3helQ3e T (50]) 41 131a0c82ddhyl y6éidpdctdd d Shavehashe Effdier
resulting al kaline dry batteries was

of enhancing the amount of the active material filled in the

positive electrode, that 1s, the effect of preventing
deterioration of the discharge characteristic under a light
load than that of conventional additives.

Even a small amount of Ti(S0,). exerts the equivalent
or better effects to or than those of the conventional additives,
since Ti(SO,s), has a higher ionization degree and supplies a

greater amount of the sulfate ion.



evaluated by the follow ng test. [Evaluation] For evaluation of the

di scharge characteristic under a heavy |load, each initial alkaline dry
battery (imredi ately after nanufacture) “8&s conti nuously di scharged under a
load of 2.2 S2 to the end-of-discharge voltage of 0.9 V. The duration of

di scharge was neasured. The result of an alkaline dry battery wi thout Ti (
S04 ) Z ( Conparative Exanple 1 ) was set equal to 100 as a reference

val ue, and the discharge characteristic of each alkaline dry battery under
a heavy | oad was expr d¢skgiprefedrapd ecdthathibe poietiesglectypdelnontiaingt i on
are shown in Table 1. The discharge characteristic of each alkaline dry
battery und®rlarkoi 5t pamtsi byewedghitwad 8\id4S0al edbdly HWGipartts Wweweightt hat
for the discharge characteristic under a heavy | oad, except continuous

di schar ge uodemanghoedeofiiogide.. The giexter gortenticifeTidi9)efthar b

al kaline dry battery under a light |oad was evaluated by a simlar test to
t hat for theaditschyrgeightrtends itsy icauseddeterhoxayibnadf thxeabisalmnderuous
di scharge under a | oad of 39 S2. These results of the evaluation are al so
shown i n Takharactesdstdiocngndent heldgbtil 1leadf TEbd esnallbeidi ¢omterf than S04
) 2 to the positive electrode material mxture in the range of 0. 1 to 5
parts by weiOght ppat bOwpdght, bpnwehghothér nipamd nasakels okt didHf Measlt o
resulting al kaline dry battery the excellent discharge characteristic under
a heavy | oadufiflidientdly impsowg thetdtschatgeo chatractterdistdlecaim@er a heavy
characteristic under a light load. The snaller anount of Ti(S04)2 |ike
Exanpl e 1 ddesdnandywif nnident lan dmtemmedilateutlidadeat The eapecdblilge
positive el ectrode active material and hardly inproves the discharge

char act er i sipreferddlesaneany dHOIL. (SO, gasgesr faomunttood pEItSOUY Avé idtet
Exanmpl e 6, on the other hand, causes sone deterioration of the discharge
char act eri stpexr 0depaxts diyt wedaht of bnQameseatdhoxiFbeanpl es 2 and 3

Al kaline dry batteries simlar to that of Exanple 3 were manufactured,
except that Ti Oz ( Corfjner powderyx figume of JTi(rSRAS0dadSeaphratbliesémeanpl e 3)
was used instead of Ti(S04)z Nanely Conparative Exanple 2 used 1 part by
wei ght of Tmanagemebd0 gfarthe @Emoamitygluf @ddidnigendse tthe matanf ennpaireg | ve
Exanple 3 used 1 part by weight of BaS04 per 100 parts by wei ght of
manganese dipxdodss , Thecaese lofi tige alllghl hygprakgoid peopes tyes £ thelpeadead. t o

t he sane evaluation test as that performed in above descri bed Exanples .
The resul ts Iaof 15hchey desdtriableate said®l (50, Valhhea? aqueous solution form

to the positive electrode material mixture.

It is preferable that an aqueous solution containing
at least 1% by weight of Ti(SO4), is used for preparation of
the positive electrode material mixture. The concentration of
T1(S04)2 in the aqueous solution lower than 1% by weilght
undesirably increases the total amount of the aqueous solution
used to obtain a desired amount of Ti(S0,). and thereby lowers
the formabillity and workabllity of the positive electrode
material mixture.

The positive electrode material mixture is prepared,
for example, by mixing manganese dioxlide with graphite powder

at a predetermined ratio, adding an aqueous solution of T1(S0,).



Table 2 | N E AdditiDuration of dischargee o. xanpve 2. 2S2 10i 2 39S2Ex.
3T i (S04) p1 1 21 0 91 0 0Com Ex. 2TiOpl 0 71 0 59 8Com Ex. 3BaS041 0 61
0 49 7 According to the results of Tableé62, the battery containing Ti(S04)z
has the nore excellent discharge characteristic under a heavy | oad and
under an internedi ate |oad, conpared with the batteries containing the

I denti cal anmount of conventional additives. This is because Ti (S04)z
supplies a -12 greater amount of sulfate ions than that of bariumsulfate
and the grebtdethemixitumd, smd fuethemsbiéhéingvelThe musuwddsionyg gelsdritdwme on
of the crystal lattice of manganese di oxi de and prevents deterioration of

t he conduct eYetyrolietietental imdextalmc tisogenefadlpatompyesoed and EgriedS04) 2
does not have deterioration of the discharge characteristic under a |ight

| oad. Thi s fmyobflaresi berhé of 1dlees Npf oviesl posiebvei éYeotrdblie paserise

el ectrode containing Ti (S04)Z, which leads to an increase in anount of the

positive elmntktate dié [tién B8rubReblaines \granuled andl aApdlasitidd wAkh
descri bed above, a preferred enbodi nent of the present invention provides

an al kal i neadsyebat t eTtye t peat t bbes 66f t tite epeelt £vé diecbrode mabeatakristic
under a heavy | oad and under an internedi ate | oad and suppresses

det eri or at i mixdbhrehmavims bhegel hafand ebi 510 mekshdsrare modldied Dittlo shorkt3
CLAIMS 1. An alkaline dry battery conprising a positive el ectrode, a

negati ve el eglindeicandpamlakikal i ne el ectrolyte, said positive el ectrode
conpri sing manganese di oxi de and graphite powder and containing Ti(S04)2 as
an additive. 2. An al ifhkimenghiyedaidivmi denanacei«¢ yraphitdpeivaeimay be
any of the conventionally used without any limitation. The
negative electrode and the alkaline electrolyte may also be any
of the conventionally used without any limitation.
The present invention is discussed concretely with

reference to some examples, although the invention is not

restricted to these examples in any sense.

Examples 1 to 6 and Comparative Example 1

Fig. 1 is a partial vertical sectional view
illustrating an alkaline dry battery manufactured in Examples
of the present invention.

With referring to Fig. 1, two short cylindrical
pellets of a positive electrode material mixture 2 are set in
a battery case 1 in such a manner as to be in contact with the
inner wall of the case l. A gel negative electrode 3 1s received
in a hollow defined by the pellets of the positive electrode
material mixture 2 via a bottomed cylindrical separator 4. The

battery case 1 may be a steel case having inner surface plated



1, wherein the anbunt of said Ti ( S04 ) 2 contained in said positive
electrode is 0.1 to 5 parts by weight per 100 parts by weight of said
manganese di oxi de. -7~

A A - AY. AQY. Al . A&Y. A&Y. AR. A9. Ae. A9. A& A28&6gp%EuU, k$YQUY| wakf * [ UU] ca] cal] ¢
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[ U cal] cal] ca] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] c
a] cal] ca] cavWithUachd thohcshheat)Ta] Ther bpRYkin siéet 9 is composed of the
zupkfa\ W c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]saheaha&@kdapcaﬁ]¢hb¢aurcahe!Ebﬁdﬁarur”wk""-#VW##>$}$$$;

WK IWRALOEEQR&&EE C ' {upj e_ZTkf a\ U] ca] cal] ca] caU] ca] cal] ca] caU] ca] ca] cal] ca] ca
Lﬂca]caU]ca]caU]ca]caths]baMkeabcahsahmﬁhﬂﬂuhﬂnaﬂ(aﬁcnﬂdmﬂgxto the

“(c(g(o*M+++-, b, - ----

//L///09OOOptE&bﬁhtbwﬂihbhﬂkbﬂ\Uhmbwa]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] ca] cal] ca] cal] ca] ca
{111=2| 222G}13{ BiraparatlonS5o't6 Polbd tdves aectrods wgl f a\ Wrhb] Vkf a\ U] ] ca] ca] c
ay] ca] cal] ca] cal] ca] cal] cal] ca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca]
cal] ca] caU] ca] cal] ca] ManganesaSafuRk+ds %9 Prapiiite powder were mixed at

; 9<t <} <<=F=====0>] >>>| wgl f a\ Wrhb] Wkf a\ U] ] ca] ca] calU] ca] caU] ca] ca] cal] ca] ca] c
aU] ca] cal] ca] waliph#] eattalUbEe ad ¢ at e alf caldc ajgumiduza jsedidtdaic aid] TdlfB0og) £a>>>>
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; 9<t <} <<=F=whieb>¥yasdd Ftadbba \kfexid | dmairss] cablceajtratioal, cadsaddai ca] c
aU] ca] cal] ca] cal] ca] ca] caU] ca] ca] cal] cal] ca] ca] caU] ca] cal] ca] cal] cal] ca¥%6g
pi K- Z1098B& ¢p- thd Gt urje andOLR resulting mixture was blended well. The
z109B& ()-f1l0YB& ()-:109B& ()-109B& () - p%eui K-! "1 109B& () -

109B&' () - , ChovBRt( p£fl@MBLagheois0¥BLut)ion was adjusted to have Ti(S0;):
109B& ()-109B& ()-$YQR K- $<109B&' () -, 9! 109B& () -, 7TM 109B& ()-,5 ! 109B&' () -
3- 109B& () ofldAéBPrede HertiHRE GnoBRTUY Rt/ BE e glst )L @Houd fn-TdHIE0

U& ()-110% U& ()- '10% U& ()-110% U& ()-10B10B10B (Nf G K$<109B&' (-10%

U& ()-+:110% P&r( 100 parts by weight of manganese dioxide.

Subsequently, 3 parts by weight of an alkaline
electrolyte was added to 100 parts by welight of the resulting
mixture. After sufficient stirring, the whole mixture was
compressed and formed into flakes. The flakes of the positive
electrode material mixture were crushed into granules and were
classified with a sieve to particles of 10 to 100 meshes. The
particles of the positive electrode material mixture were
molded into short cylindrical pellets. Two pellets of the
positive electrode material mixture 2 were set in the battery
case 1 and were brought into close contact with the inner wall
of the battery case 1 by means of a pressure jig.

The bottomed cylindrical separator 4 was then

disposed in a hollow defined by the two pellets of the positive



)10% U& ()-!M 10% U& ()- 10% U& ()- 10% U& ()-N xmbC$<109@l 10% U& ()- 10 U
10 U 10 U7:10% U& ()-5M 10% U& ()- 3MLO% U& ()-1Z10% U& ()-P ; dEmbC$<1098
#10% U ()-s!10% U& ()- 10% U& ()-y 10%-8& ()- 10% U& ()-10% U& () -

electrode material mixture 2 set in the battery case 1. A
predetermined amount of the alkaline electrolyte was injected
into the separator 4 to be absorbed by the separator 4 for a
predetermined time period. The gel negative electrode 3 was
subsequently charged into the separator 4, and a negative
electrode collector 6 was inserted at the center of the gel
negative electrode 3. The negative electrode collector 6 was
integrated with a gasket 5 and a bottom plate 7 which also served
as a negative.electrode terminal.

The gel negative electrode 3 was prepared by mixing
33 parts by weight of the alkaline electrolyte, 1 part by weight
of a gel-forming agent, and 66 parts by eight of zinc powder.
Sodium polyacrylate was used for the gel-forming agent. The
alkaline electrolyte was a 40% by weight aqueous solution of
potassium hydroxide.

A non-woven fabric comprising polyvinyl alcohol
fibers and rayon fibers was used for the separator 4 and the
bottom sheet 9.

The opening end of the battery case 1 was caulked to
the peripheral portion of the bottom plate 7 via the end of the
gasket 5 for sealing the battery. An insulating ring 10 was
set on the curved opening end of the battery case 1. The outer
surface of the battery case 1 was covered with a jacket label

8. This completed each alkaline dry battery.
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Table 1
X: Amount of Duration of discharge
Example
Ti(804)2
No. 2. 2Q 10Q 39Q
(part by weight)

Com. Ex. 1 0 100 100 100
Ex. 1 0. 05 101 100 100
Ex. 2 0.1 105 103 100
Ex. 3 1 112 109 100
Ex. 4 3 113 109 100
Ex. 5 5 113 108 99
Ex. 6 6 112 108 97

Each of the resulting alkaline dry batteries was

evaluated by the following test.

[Evaluation]

For evaluation of the discharge characteristic under
a heavy load, each initial alkaline dry battery (immediately
after manufacture) was continuously discharged under a load of
2.2 Q to the end-of-discharge voltage of 0.9 V. The duration
of discharge was measured. The result of an alkaline dry
battery without Ti(S0,), (Comparative Example 1) was set equal
to 100 as a reference value, and the discharge characteristic

of each alkaline dry battery under a heavy load was expressed



)-10% U8 ()-"!110% U& ()- 10% U& ()-s!10% U& ()-L, W dEuV7! % 10%
)-110% U& ()-- 10% U& ()- 10% U8 ()- 10% U& ()-!10% U& () -

1 dEUV7! 1°110% U& () -/ 110% U& ()- -109 U& ()-+ 10% U& ()-)M 10% U& () -

% U& ()-110"0""""""xnhC&10% U& ()- 10 U 10 U 10 U9s! 10% U& ()-7 ! 10%

)-57110% U& ()-3"110% U& () - " Wi##>$k 984 A ?mbC

as an index. The results of the evaluation are shown in Table
1.

The discharge characteristic of each alkaline dry
battery under an intermediate load was evaluated by a similar
test to that for the discharge characteristic under a heavy load,
except continuous discharge under a load of 10 Q. The discharge
characteristic of each alkaline dry battery under a light load
was evaluated by a similar test to that for the discharge
characteristic under a heavy load, except continuous discharge
under a load of 39 Q. These results of the evaluation are also
shown in Table 1.

According to the results of Table 1, addition of
T1(SO4)2 to the positive electrode material mixture in the range
of 0.1 to 5 parts by welght per 100 parts by weight of manganese
dioxide gives the resulting alkaline dry battery the excellent
discharge characteristic under a heavy load, while not causing
deterloration of the discharge characterlstic under a light
load. The smaller amount of Ti(SO,;), like Example 1 does not
sufficiently enhance the utilization rate of the positive
electrode active material and hardly improves the discharge
characteristic under a heavy load. The greater amount of
Ti1(SO.:). like Example 6, on the other hand, causes some
deterioration of the discharge characteristic under a light

load.
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manganese dioxide.
The resulting alkaline dry batteries were subjected
to the same evaluation test as that performed in above described

Examples. The results of the evaluation are shown in Table 2.

Table 2

Duration of discharge
Example No. Additive
2. 2Q 10Q 39Q
Ex. 3 Ti(S0y, 112 109 100
Com. Ex. 2 Ti0, 107 105 98
Com. Ex. 3 Bas0, 106 104 97

According to the results of Table 2,

the battery

containing Ti(S0,), has the more excellent discharge

characteristic under a heavy load and under an intermediate load,

compared with the batteries containing the identical amount of

conventional additives.

This is because Ti(S0,). supplies a
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deformation of the crystal lattice of manganese dioxide and
prevents deterioration of the conductivity of the positive
electrode. The battery containing Ti1(SO,), does not have
deterioration of the discharge characteristic under a light
load. This may be ascribed to the improved formability of the
positive electrode containing Ti(SO4),, which leads to an
increase in amount of the positive electrode filled in the

battery.

Industrial Applicability

As described above, a preferred embodiment of the
present invention provides an alkaline dry battery that ensures
the excellent discharge characteristic under a heavy load and
under an intermediate load and suppresses deterloration of the

discharge characteristic under a light load.
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sald positive electrode comprising manganese
dioxide and graphite powder and containing Ti(SO.), as an
additive.

2. An alkaline dry battery in accordance with claim
1, wherein the amount of said Ti(SO4); contained in said positive
electrode is 0.1 to 5 parts by weight per 100 parts by weight

of said manganese dioxide.



