; e3epndd’ p6TO_1 DESCRI PTI ON ALKALI NE DRY BATTERY Technical Field The
present invention relates to an alkaline dry battery excellent in discharge
performance and safety. Background Art Wth advance and progress of
portabl e information devices such as nobil e phones and digital caner as,

t here have been desired al kaline dry batteries capable o ded

di scharge. Wth regard to this, in conventional alkaline& H \“M@m
particle size of a zinc powder contained in a gel negati

been nade small for inproving hi ghlDESCBARETONI schar ge perforﬁﬁ e.

Specifically in practice has been to increase the anount
particles having a small particle size in the particle S'%w”m“@“ﬂm mmmon of
the zinc powder. This is aimed at inproving the reaction e th
negative eRBEALINE DRY HATTEBY to the |arge specific surface area of the
zinc particles having a small particle size, However, there is a problemin
such inprovenent of the reaction efficiency by innnderately reduci ng the
particle size of the zinc powder, that in a case where a battery is 2
short-circ@ethnicaherimld ace tenperature of the battery rises and thereby
t he amount of gas generated inside the battery increases, resulting in the
hi gher possibility dhelpresentyievéretalongeedates deo dn tdikaldheedyy That is
to say, in the conventional technique, it has been relatively difficult to
real i ze bovhttepy cecelient’ idi dtSehasye yerdommanee bynd eglifeityy the particle
size of the zinc powder and safety maintenance, in a balanced manner. Al so
in the conventional alkaline dry battery, as a negative el ectrode active
mat eri al used has been a zinc powder including 90% or nore of zinc
particl es Backggownd almtti vely |arge particle size of 75 to 425 um and as a
separator used has been one having a thickness of about 300 ,um As
descri bed above, howewvttr advhate &m@d faeyressdefoportfablenlinfliormatilon
batteri es capabl e of highly |oaded di scharge and having |long cycle life,
wi th. recedeviadeansuchras mobdlesphofiepardldigital ocaméras), dherechasach as
nmobi | e phones.

been desired alkaline dry batterles capable of highly loaded

has

discharge.

With regard to this, in conventlonal alkaline dry
batteries, a particle size of a zinc powder contained in a gel
negative electrode has been made small for improving highly
loaded discharge performance. Speclifically in practice has
been to increase the amount of the zinc particles having a
small particle size in the particle size distribution of the
zinc powder. This 1s aimed at improving the reaction
efficiency of the negatlive electrode attributed to the large
specific surface area of the zinc particles having a small
particle size.

However, there is a problem in such improvement of
the reaction efficlency by immoderately reducing the particle

size of the zinc powder, that in a case where a battery is



In response to this demand, studies have been nade on reduction in
t hi ckness of then separator for |owering the resistance of the separator so
ass to inprove the highly | oaded di schaRge perfornance. However) there has
been a problem in reduction in thickness of the separator with the use of
t he conventional zinc powder having a |arge particle size, that an internal
short circuit may occur in the battery in such highly | oaded di scharge as
3.9 (err) for 5 mnutes/day. This is because the zinc 3 powder is
oxi di zed cehoetpoixbuigedy tthe burface tesweratnranct tthe batdexysrbsesi nc
grow to be acicular, which penetrate the separator to cause the internal
short circand. therete titehamohnhdof agad lyemeshtedt insidehhey batheryri ghl y
| oaded di scharge performance has been made by increasing a proportion of a
zi nc powdetdnbagases A smilltipgr Lnctise Hizyhelro pbesibei tas of redgatirodytéect r ode
active material. It has been revealed, in this effort) that an increase in
proporti onlehkafe autwigeowdethbabatiery small particle size allows effective
suppression of the internal short circuit of the battery. Then, a first
obj ect of the preserthdthdentoosays im fheocotdeentiahdiltievhnduehattery | ow
in the possibility of electrolyte | eakage and excellent in discharge
per f or manchasFoeéherelatiselgndifbienlt dfo tdealpzeskoth i impaatviemenits of o
provi de an al kaline dry battery which is unlikely to cause an internal
short circdikchitge Wéifortdneki by redudink vhes pattidbe seipa afotheby | eadi ng
to a favorable relation between the particle size of the zinc powder and
t he t hi cknednacopowlier sefibrsalifety masntearmdtioe,ofinl avbalamted mamnger. to sol ve
t he above problem the present invention is primarily characterized in that
in an alkaline dry lmiderin ehspeonversttonmgalkddiné ediy bt teayt, aani ag a
zinc powder, an electrolyte, a separator and a positive el ectrode, 4 as
the zinc ppedaciveedléstrviz acthdi magtétid1o udedwhds obedn rastzinanpopderi cl es
having a particle size of larger than 75 ,um and not |arger than 425 um and
40 to 20 wWitcofidirg 090t zd1 oger b Ckisc hpartiglasphating ea sredikatdivedgt | ar ger
than 75 um It is preferable that when the zinc powder includes 65 to 75
w % of fir Slargenpapbidéie!|ATdFi Ng Bopszs ivmh e M asoh sepgedtdiaisedS um and
not larger than 425 umand 35 to 25 wt % of second zinc particles having a
particl e sihag BkefObné Ma4And RARhIBkNESs LI ablotkt BODYAR. contains 37.5 to
38.5 wt% of KOH It is also preferable that the separator has a thickness
of 190 to 320 um Thes tddsdci®ed abovde lsapaiedt, OthBLé ehd£fden tap demhndal
t hi ckness of the separator before absorption of the electrolyte inside the
battery. Ggeer abkyluneddiy ratiepabst capablieior tignlyalbadéd riLchatyer
separators to be cylindrical and folding down one of the open ends thereof
to finally dndvBawifigl 1owiereydlrpadfeoniitiursddent alieanty, andieprdyressess of
the separator in the present invention refers to a total thickness of the
separ at or tdfupoeeabiguirtormt ianc asvndes eslicH sisd moblike bphdessy. bef or e
absorption of the electrolyte. For exanple, when a separator having a
t hi ckness of X (un) I rkugdnas@ to bRisydeénahd,C attudids atavenhesdat athdensi de
the battery, the thickness of the separator is 2X (,um. It is also
pr ef er abl e dnhaledubenoh hin ziicknesdeofi thée usksar@toro£éb Wwexdnd ittt zi nc
particles having a particle size of larger than 75 um and not | arger than
425 ,um ‘Tremidtahceoof5Sthé %erfaratonndo zas ctpaintproives thavhighly faaded e
size of not larger than 75 um the electrolyte contains 37.5

discharge performance.

However, there has been a problem, in reduction in
thickness of the separator with the use of the conventional
zinc powder having a large particle size, that an internal
short circuit may occur in the battery in such highly loaded

discharge as 3.9 Q for 5 minutes/day. This is because the zinc



to 38.5 wt% of KOH, and the separator has a thickness of 190 to 320 um
Brief Description of Drawings FIG 1 is a front view of part in
cross-section of one exanple of an al kaBine dry battery in accordance with
the present invention. Best Mdde for Carrying Qut the Invention An al kaline
dry battery in accordance with the present invention is primrily
characterized in that as a zinc powder of a negative el ectrode, one
including 65 to 75 Wt % of first zinc particles having a particle size of

| ar ger t hapow8er uhs coxiidiged epyrespdrdimp Touhanba ey reaciionoandecond
zinc particles having a particle size of not larger than 75 ,umis used.

Bel ow, a d&bercpysomlsnidfl ziecggrew to hevaciceler abileldnipedieterate the
accordance with the present invention. Enbodinent 1 As thus described, in

t he convenseparatorectmicamse &hpaintermalsisherdf chreuitc. powder to be added to
a negative el ectrode has been reduced fromthe viewpoint of inproving

di scharge perfor man@n dtheaobhét eignd Spaotheraefforta @ dmpro§epbheer
including 95 wt% of first zinc particles having a particle size of 75 to
425 , um antighiw % cdded cdisdharge perfomiarcehhasnbeen peade dye si ze of
smal | er than 75 um has been used. Further, the concentration in a KOH
aqueous solntreasimsgda fpropartdébrcodf i yiimc pewlieenhddling % simldpposed to
this, an alkaline dry battery in accordance with Enbodi ment 1 of the
present i npaftiobeceige itxedbeausedais e rgattivedelectitadeniantizezi nc powder,
an electrolyte containing KOH and a positive el ectrode containi ng manganese
di oxi de andasegiaphi ti¢ hasdecen ttevealed, phmdehiis redifoditngtbattan 75 w % of
first zinc particles having a particle size of larger than 75 um and not

| ar ger thadnézéasen hmcbRpdraish of %tlvd =iewopdwAenchaaing @ esmalldvi ng a
particle size of not larger than 75 um and the KOH concentration in the

el ectrol yt palreiolef sDre I1owsoeBBelt e Huppreastoh ofivihd dirtelraad
acconplished an alkaline dry battery in accordance with Enbodi nent 1 of the
present i nghdictooinduth ofs thecbhteetyi n safety while nmaintaining

i nprovenent of discharge performance by further reducing the concentration
of the electrol yte, Thedrre afirstodefedte ofaheapeesentammuentdfont A8 ronc
powder having a small particle size allows inprovenent of discharge

per f or manc priowiidechnt alld M nendrgabatteharicns inf theakogei il ithye ofl ectrol yte
to the outside of the battery. Nanely, |lowering of the KOH concentration in
t he el ectr @lpcerpletenicalkagecantli ercel Dehtectinnidischar§es operfofimance.

Further, a second object of the present invention is to
provide an alkaline dry battery which is unlikely to cause an
internal short circuit even with reduction in thickness of the
separator, by leading to a favorable relation between the
particle size of the zinc powder and the thickness of the

separator.

Disclosure of Invention

In order to solve the above problem, the present
invention is primarily characterized in that in an alkaline
dry battery comprising a negative electrode containing a zinc

powder, an electrolyte, a separator and a positive electrode,



di spersing at the time of a short circuit in the battery and suppression of
the battery reaction at the tinme of the short circuit prevents the battery
tenperature fromrising, whereby the ridk of |iquid |eakage can be reduced.
It is to be noted that, since excessive |lowering of the KOH concentration
causes, in particular, deteriorated storage performance of continuous

di scharge at a constant current, the KOH concentration in the electrolyte
is preferably in the range of 37.5 to 38.5 wt% The alkaline dry battery in
accor danceasi the Bnbnzlipavidieriusedt e qneedacludhnent dio By witd pEofiiret in

t he usual manner, except that what have been descri bed above are used as

t he zi nc petderpavticiss havithg geparieide wdzel of t lawgerartdhanhdSeltmcand| yt e.
For exanple, the positive el ectrode can be produced by m xi ng manganese

di oxi de, angtaparger pchaherd2dndmaand| &&l tone20s eitdt pbnsecmrid asinee KOH sol uti on
to obtain a positive electrode material m xture and using the usual manner.
Enbodi nent parisclés shaidngy iabpdrtidtbes esives ofesntalargdx drham 75edoci ng t he

t hi ckness of the separator while using the conventional zinc powder that
the zinc powder is oK diszpdeferakbpariiditnyheo the nikrc qrowdecradncadndeso form
acicul ar crystals which penetrate the separator. Wth regard to this, the
present inééntor 35 cwthlaf ddrett 2hse¢ veastialiesshavlngea rantilcile size of
distribution of the zinc powder and the 8 thickness of the separator.
Parti cul ar larges than Z15 @:pamdenotolatger dirarcdl5onal andgas i e 28 edtdr ode
active material used has been a zinc powder including 90%or nore of zinc
particl es lb&fivsagord pzinc gartdicieschaving @ partdcle AsinppdfSecdtt darges, in
Enbodi ment 2 of the present invention, a zinc powder including 60 to 80 w %
of first zithanpastim| eshdaliautralptet conhtakizr 8706 ktar §&r5 twicth of5 K@k.and not
| arger than 425 ,umand 20 to 40 wt % of second zinc particles having a
particle size of notIt drsgalsbhpneférabiie thatedhe\V¥epartdatomibas particl e size
of a zinc particle is made | arger than the conventional one, the area of

t he zi nc pahiickhess$ oof arg0 itouBB20t smi h&@heatthécknessoiffi dthe sepadated,
decreasi ng the discharge performance. Mreover, when the anount of second
zinc parti tleee hafeng to sneldtapathickmess of dheneepapater bdfmre/5 umi s

i ncreased to exceed 40 wt% in the zinc powder, safety of the obtained
battery at abserptienodf tthe ®lectrolyteiinsisid der bdttdiwe. uSenefallye

af oresaid zi nc powder enables a total thickness of the separator inside the
battery tousedf Lenalf€pdiatdil obtathédoby landimatiggt heinmérerseparstors
circuit so that the active nmaterial anmount of the positive electrode or the
negati ve eltecbeodglindrieal andefsdding doyn @ne bifiethe sepen gendser f or mance.
Herein, in a case where the separator has a thickness of nore than 320
,gym the dbempoédtoofimEllyf halve a Sytibmdemxishapedt bonfigerdtkdrer y
increases, resulting in the | ower anmount of the active nmaterial which can
be cont ai néthmedyt, hthéathixrknesshefebhie deepaasiory inhthdi présenge per f or mance.
And in the case of the separator thickness of |less than 190 um the

i nt ernal sHawventdonuréefers ures ardotalr thlekndss iof itheeseparatar dilswshar ge.

configured and accommodated inside the battery before
absorption of the electrolyte. For example, when a separator
having a thickness of X (um) is doubled to be cylindrical and
accommodated inside the battery, the thickness of the
separator is 2X (um).

It is also preferable that when the zinc powder
includes 65 to 75 wt% of first zinc particles having a

particle size of larger than 75 i1m and not larger than 425 um



It should be noted that the thickness of the separator in Enbodi nent 2 of
the present invention refers to a total thickness of the separator before
absorption of the electrolyte inside thé battery. Generally used is a
separator obtained by |lamnating thinner separators to be cylindrical and
fol di ng down one of the open ends thereof to finally have a cylinder-shaped
configuration. Nanely, the thickness of the separator in accordance with
Enbodi ment 2 of the present invention refers to a total thickness of the
separ at or Bhds38obd i 2udd efidsacendmaia eartaclee haninsha Partichere
absorption of the electrolyte. For exanple, when a separator having a
t hi ckness efiz¥ 6fimot slahgel &Hano7heumy| thed eilegtrahvitececeontialds 8d .5nsi de
the battery, the thickness of the separator is 2X (unm). Further, as for a
separ at or ltavBAgS5 awtfersfi (KPHof andr the heepakxaldrghasta thickness @fold8wel | s to
a greater degree after absorption of the electrolyte and thus the occupied
vol une of ttbe32@pamator within the battery increases) making it inpossible
for a desired active naterial to be filled, and thereby the capacity of the
battery becones snmaller. As for a 10 separator having a density of |ess
than 0.25 g/cnB, the void thereof expands to nake the internal short
circuit noBeikfkBégcriptionuof Orewingpenetrati on of zi nc oxi de generated
corresponding to the battery reaction through the separator and, for these
reasons, the densit\y¥Id. tlhdssepfirabbrview pfepartbly drasa-Gezfioo 0f£35
g/cnB. Additionally, fineness of fibers to constitute the separator is
pr ef er abl y onet examplé hafh dh al#adipe dry thatteryund adeordanwen with ftheeness
is nore than 0.5 denier, the separator

present invention.

Best Mode for Carrying Out the Invention

An alkaline dry battery in accordance with the
present invention is primarily characterized in that as a zinc
powder of a negative electrode, one including 65 to 75 wt% of
first zinc particles having a particle size of larger than 75
tm and not larger than 425 um and 25 to 35 wt% of second zinc
particles having a particle size of not larger than 75 um is
used.

Below, a description will be given to two preferable

embodiments in accordance with the present invention.

Embodiment 1

As thus described, in the conventional technique, a
particle size of a zinc powder to be added to a negative
electrode has been reduced from the viewpoint of improving

discharge performance of a battery. Specifically, a zinc



havi ng been nmade paper has a |l arge void and hence the internal short
circuit due to the penetration of zinc oxide, generated according to the
battery reaction, through the separatoris easy to occur. It is to be
noted that the fibers are main fibers to constitute the separator,
excluding fibers as a binder. It should be noted that, while a variety of
conventional l y-used materials can be used as materials for constituting the
separator in accordance with Enbodi nent 2 of the present invention, it is
pr ef er abl e poydereinchadting\$on witdboef cftegiarzine: panthéiesdaviafg ol yvi nyl

al cohol (vinylon) fibers and rayon fibers, by reason of alkali resistance,
| i qui d absmaribbclet gizencbfl i7Guited A@dakmi agd pr opidr of. s@hen@ozing ve el ectrode
i n accordance with Enbodi nent 2 of the present invention can be produced
by, for ex®agitdclesxhanlno@gpazstdclieosdzie, ofa sgripert thawvithe imidsan

al kal i ne aqueous sol ution such as a KOH aqueous solution to obtain a 11
positive elbeenr vdednaffuritherm thercormentareithontire a0 aguehud. Al so for
the electrolyte, the conventionally-used one can be used. A front view of
part in creedutdoni vsedffdthanakelactnelyity Hast been 46 wttor dance with the
present invention is showmn in FIG 1. In FIG 1, a positive el ectrode
material m xture 2 fAs ngpasedboi bhise ahaikadfina dhprhatthdnyndmi cal pell et,
a separator 4 and a gel negative electrode 3 are accommopdated inside a
battery casecbrdAsceelitiatEmbodimest 1, of thegresent dnvéntion i nsi de t her eof
ni ckel -plated or the like can be used. A plurality of the positive

el ect rode mwmprisesnaxnegaisive silectirodenaatdiaisingsadeindpdwdeasr ancase 1,
in the state of intinate contact therewith. The separator 4 is disposed
still insiccdecheopptetcoretadndaigr 808 apd ea i pdsirtidiveuedeltredel edntajaling
negative electrode 3 is filled still inside thereof. In the follow ng, the
present i nwemganesei dloxikdalesck abgrapbite queniel,cdheyzine ppwder exanpl es;
however, the present invention is not limted thereto. Exanples 1 to 6 and
Conpar at i venedadphgs68 to B wtioodefirst pzimbuparddcaesahawningira/s battery in
accordance wth Enbodi nrent 1 above, having the structure shown in FIG 1, a
positive elpmttiede shterofillangeruthal Wasupramiicedt largbe thahos2Sgimranner.
First, manganese oxide, graphite and an al kaline electrolyte were m xed in
t he wei ght andl25 to 35 wt% of second zinc particles having a particle

size of not larger than 75 um, and the KOH concentration in
the electrolyte being from 37.5 to 38.5 %.

The present inventors have accomplished an alkaline
dry battery in accordance with Embodiment 1 of the present
invention which 1s excellent in safety while maintaining
improvement of discharge performance by further reducing the
concentration of the electrolyte, since an immoderate increase
in amount of the zinc powder having a small particle size
allows improvement of dlscharge performance but relatively
increases chances of leakage of the electrolyte to the outside
of the battery.

Namely, lowering of the KOH concentration in the

electrolyte prevents a reaction product of zinc from



ratio of 90:6:1, and the obtained m xture was stirred well and then
conpression nolded to be flaky. Subsequently, the flaky positive el ectrode
material m xture was grinded to be grandl ar positive el ectrode nateri al

m xtures, which were classified with a sieve and the granules of 10 to 100
meshes were conpression nolded to be hollowcylindrical so as to obtain the
pellet-like positive electrode material m xture 2. Four of the positive

el ectrode material m xtures 2 were inserted into the battery case 1 and

re- nol ded diispersingmateddendginegof ca bshant icircaht eln othieadiatbierly ahé
internal wall of the battery case 1. At the center of the positive

el ect rode sappreasion xdfurthe? bdtteoygerkactsiode aththéatims yofc dahe shawtt hus
described, a bottonmed cylindrical separator 4 was di sposed, and then a
prescri bedcamouht pfevdretsalthal battetectemperiadunasfrimrgsrling)t wheleby
separator 4. After a | apse of prescribed tine, a gel negative el ectrode 3
conpri si ng thieerakk advf nelplidc leaksge, can ¢l Inedgcadentitand tozbamatddy
powder was filled in the separator 4. For the gel negative el ectrode 3 used
were 1 partchiay,wsingté etcqadiweodowsringybdfit thea KO eopekehtngthgentgusss ,parts
by wei ght of a potassi um hydroxi de aqueous solution with the concentration
shown in Tdhnl pattacdl&it, pletesibyated gitordgen perfiorpancerof Adritiausuac
powder used was a mixture of X wt% of second zinc particles having a
particl e siddgchargetat s gonstthat corvent shthenKOH dabh¢entirataloh (hO@h&) wt %
of first zinc 13 particles having a particle size of larger than 75 .um
and not | aegectibaptd?fs prefdsablig $rpeiatmngé, of BDN5 Wy 38 .fsalmtidc

(thi ckness of 220 um) nmade by m xi ng- pol yvi nyl al cohol fibers and rayon
fibers in the wei ghtTheatdlkadfiné: APy et teasd inl acsbpddncd avitdt ed t hat t he
density of the separator used was 0.30 g/cnB and the fineness of the fibers
to constit Embodimestphraf dheVpteBent dbmvartidnumakebe pheducdd dnofthehe
fibers is not limted to this, and other fibers may be added as a bi nder.
Subsequent lusuad megaérycexdeptt theae¢ what didve beenadescsibéd eabave talre center
of the gel negative electrode 3. It should be noted that the negative

el ectrode ameldeabothé absc ipvwderafed wsé himm thwesigel hegative didotmodeat e 7
al so serving as a negative electrode termnal. Then, the open end of the
battery camndl theseleetielyten t he edge part of the bottomplate 7 via the
end of the gasket 5 so that the opening of the battery case 1 was seal ed.
Finally, the outer spof asampilet, hehbapodsttivenedettrode coare e producad
exterior label 8 to obtain alkaline dry batteries 1 to 6 of the present

i nvention aydndSARG Rahyened ek Alorddd] ya batdptiiites pbwier 6and Brnldikaldap
Plural articles of each of the above alkaline dry batteries 1 to 6 and
conpar at i vesaidtdbonngudl yadad KoH @9liition Gtovasbtagihe papesitive eldotaiodd as
follows. (i) The nunber of liquid | eakage 14 Four articles of each

al kal i ne dmateatiagr misetse EEPasdtg thenesiald Mannge.i es and short-circuited

at ordinary tenperature to forma closed circuit, which was stood still for
24 hours. Then the circuit was opened, the nunber of the battery articles
in which Iiquid | eakage occurred after stood still for three days was

count ed, arEmddddmentu2d | eakage ratio {(battery with liquid | eakage /
battery without |iquid | eakage) X 100} was shown in Table 1. (ii) D scharge
performance First, ths thisildeserdbgdbathere dmsabekheai probokem strage

(imedi ately after production) and after storage at 60 (err) for seven days
wer e subj ecteathdingpithe ethiciriensy@foithé 08€paratchd whddendsing el 50
seconds-of f conducted for one hour/day, and the discharge tinme until a

vol t age reammenitidn¥lvainggsswderd thabethe ezige powidee b okbdikzextharge tine
of 10 articles of each battery was determ ned and then indicated by an

i ndex, asswummeespoatiihpeto nilie dattesyl reattimpaoattorm &xhoplar 5 as a
conventional exanple was 100. The result was shown in Table 1. Next, the

al kal i ne drorystalsr whdcht pérnetnatiet ithle separator. With regard to this,

the present inventors conducted extensive studies on the

particle size distribution of the zinc powder and the



stage and after storage at 60 (err) for seven days were subjected to
conti nuous discharge at a constant current of 1000 mA until a voltage
reached 0.9 V, and the average val ue of 8t he discharge tine of 10 articles
of each battery was determ ned and then indicated by an index, assum ng
that the initial result of Conparative Exanple 5 as a conventional exanple
was 15 100. The result was shown in Table 1. Wen the sanme eval uati on was
conducted at a constant current of 500 mA, 250 mA or 100 mA, the simlar
result to tthdckness o?f M@0 separvatonbt ai ned. Table 1 Li qui d*C*D*A*Bl eakage
ratio(% Initial Storage at 60~ Initial Storage at
60~Conp. Ex. 138. 0401 Farglicalesly 138, i85 @16l pewdan Ok .the38. 03001151 1310410
1338. 02501101071 02100Conp. Ex. 238. 020010210010094Conp. Ex. 337. 030011611499914
37.5300116t0avertddnal 58Qak30e1ebadBi@x (kd3Fe58804d 31 A@M bas30e€30111101
0810099Conp. 540. 0531009810098Ex. 640. 0302310810510098 *A: El ectrol yte
Concent r at imosifot powddr 1Ziclmdpagt 804 esr afoneobfnetec t pamt L9 asrha@Xing% *C
Di scharge performance 1, Pulse intermttent discharge *D. Di scharge
per f or manc pazxi€hassbzd ofurnsemd d2s5cimarge It is found from Table 1 that
when a KOH aqueous solution with a concentration of 37.5 to 38.5 w % was
used and a zinc powdes dppolsedi hg thleteondmw Embodimént|2othahengraspatticl e
size of not larger than 75 umwas used, an alkaline dry battery lowin
liquid | ealagentdonp arndrex pewdent 1nclullingh#0g&op80 fwi e eflamt Bénc
obtai ned. Exanples 7 to 26 and Conparative Exanples 7 to 17

particles having a particle size of larger than 75 um and not

larger than 425 um and 20 to 40 wt$% of second zinc particles
having a particle size of not larger than 75 um is used.

When the mean particle size of a zinc particle is
made larger than the conventional one, the area of the zinc
particle to contribute to the battery reaction i1s reduced,
decreasing the discharge performance. Moreover, when the
amount of second zinc particles having a small particle size
of not larger than 75 um 1s increased to exceed 40 wt% in the
zinc powder, safety of the obtained battery at the time of the
short circuit is lowered.

The use of the aforesald zinc powder enables a total
thickness of the separator inside the battery to be from 190
to 320 um without inducing the internal short circuit so that
the active material amount of the positive electrode or the
negative electrode can be increased to improve the discharge
performance.

Herein, in a case where the separator has a

thickness of more than 320 um, the occupied volume of the



16 Herein, an alkaline dry battery in accordance wi th Enbodi nent 2 of the
present invention having the structure shown in FIG 1 was produced. A
positive el ectrode material mixture 2 wds produced in the foll owi ng nanner.
First, manganese oxide, graphite and an al kaline electrolyte were m xed in
the weight ratio of 90:6:1, and the obtained m xture was stirred well and
then conpression nolded to be flaky. Subsequently, the flaky positive

el ectrode material mxture was grinded to be granul ar positive el ectrode
mat eri al nSgParator Wi tdHnwdhe babterY inrrRashsSa Tewidkting inhéhgr deWeRs of
10 to 100 nmeshes were conpression nolded to be hollowcylindrical so as to
obt ai n t he apenptt of  the wediivevmatertak odhdchacani be eendained inFghe of the
positive electrode material mxtures 2 were inserted into the battery case
1 and re- nBRYEATV: t Hheraunpessspadng i the diseharge PeFEQIIMaNGS-adindildh t he
internal wall of the battery case 1. At the center of the positive

el ectrode ftheecpae of xihe sepagptpbsthilgngisge ofhdepat thany 190sem ibet hus
descri bed, a bottonmed cylindrical separator 4 was di sposed, and then a

pr escri bed 1a%egnal oshaenie clireyiitnecenes tnayley foreguenthariyedntermitsent
separator 4. After a | apse of prescribed tine, a gel negative el ectrode 3
conpri si ngddiseghargel i ne el ectrolyte, a gelling agent and a zinc all oy
powder was filled in the separator 4. As the gel negative el ectrode 3 used
was a gel 17 negatitveshoudét bedrotedthadi fhelthickndss \ofi diwe of pol ysodi um
acrylate which was the gelling agent, 33 parts by weight of 38 w% of a

pot assi um Isppavatde ) Rmhedimentt 2 opf dthe g8egentsinyenkiqihireflers tong
powder. As the zinc powder used was one having a particle size of not

| ar ger thartoA23 thickress@fudhegsspavaibyheforeegbaonpitpm qfaithecl e si ze of
not larger than 75 umin the amount (Y wt% shown in Table 1 . As the

separ at or #legtmohybevinsidehithe RArtervwasGenercally Msedndspal gepagatan cohol
fibers and rayon fibers in the weight ratio of 7:10 and had the total

t hi ckness <hdadned Trblaminhatingstbihnenhsenaratorsatotbe cigkididnicad t he
separator used was 0.30 g/cnB and the fineness of the fibers to constitute
t he separ atemd foiding dwn @ne Bdr theropermhendst itbevéof heo fflnaldy bawet
limted to this, and other fibers may be added as a binder. Subsequently, a
negati ve elaecylddderoshapad copfigurabtom! | Namely 1 e dhlgknesst ot the
negative electrode 3. It should be noted that the negative el ectrode
col | ect or Gepagratareim aczbrdanceawdtlh kEnbalimesta2hboft tine (Prasent al so
serving as a negative electrode termnal. Then, the open end of the battery
case 1 was lowentédnoreférs duiga fatalothidkndsst ofntheaseparator tthasend of
the gasket 5 so that the opening of the battery case 1 was sealed. Finally,
t he outer sonfigured amd dnaommodatedelinsigs the  bastienytbeforext eri or | abel
8 to obtain alkaline dry batteries LR6. [Eval uation] 18 (i) Cccurrence or
non- occur r @hrserptiannof nttle @lechardrtao Hori exampld, odem af seharatewe

al kaline dry batteries were prepared and then subjected to intermttent

di schar ge dwavingdat tbhhckness lofad (aam)3ig deubled heo descyddpdricak and 5

m nut es/day and a term nal voltage was 1.0 V. Then, the nunber of the
battery ar tdasiommodated tngislendhedbatherye the hhicknassvof ttlee steeply
dropped due to an internal short circuit in the mddle of the discharge was
count ed. Heeparatoneial 2&|(/m) dry batteries where abnornmal discharge
occurred with a term nal voltage not less than 1.0 V was indicated as X,
ones where abnornal Eshenr.gasofeyr acteparatar havikndag densiige ofomoress
than 0.75 V and less thap 1.0 V as D, and ones where abnornal discharge did
not occur uMan 033Pbeghthmal the sgparatepcivelds &osat gueatey3legree O The

results were shown in Tables 2 and 3. ( ii ) Life
after absorption of the electrolyte and thus the occupied

volume of the separator within the battery increases, making
it impossible for a desired active material to be filled, and

thereby the capacity of the battery becomes smaller. As for a



Next, the above alkaline dry batteries at the initial stage (imediately
after production) were subjected to continuous discharge at a constant
current of 1000 mA, and the tine (ninut%%) whi ch el apsed until a vol tage
reached 1.0 V was neasured. The results were shown in Tables 2 and 3. ( iii
) Safety Four articles of each of the above alkaline dry batteries were
connected in series wwth a lead wire and shortcircuited, and the nunber of
the expl oded battery articles was counted. The results were shown in Tables
2 and 3. SEPara/PE Baving, @ deRpiky sehalefs gpag p.25 g/cm”, the void
OGSaf et yConp. Ex. 71501993072000109608320250010980Ex. 930001010001035001010101
1400010102 ofx exnaRA dyy Mekgothe 1beERal short circuit more likely

2502500101010Ex. 143000101020153500101030164000101050Conp. Ex. 915019980172000
10100018 to occur, due to penetration of zinc oxide generated

2202500101020Ex. 1g3000101020203500101030214000101050Conp. Ex. | (56000101081
*E: Thi ckn&S¥resrepdingittt thec pptiery Zepction: threyghs thetsepdratoran 75 um
(W% *G Constant current discharge Table 3 *E*FAbnor mal

Di schar ge* eséf.etfyeohlp@&.nqamzsawgeszmP@Ghslgewmmnd@OEx. 243000101
0502535001010802640001011101215640103013205501050Conp. 14160255501080Ex. 1530
4601110163PFeferably 46nem 01.25 <p: 0TBP c¥f@s of separator (um) *F: Zinc
particles of not nore than 75 un1éwﬂ@6 20 *G Constant current discharge
It was found from Tadddktionaddy3 thagnegrewiafdbpapateorconstifute thaess of
190 to 320 um and a zinc powder includes 20 to 40 wt % of second zinc
particl es rhepPaFgtarpisipreferably pptmere dihger O Rafenbexgn dihegigrgungde dry

battery excellent in battery perfornmance can be obtai ned.
that, when the fineness 1s more than 0.5 denier, the separator

having been made paper has a large void and hence the internal
short circuit dque to the penetration of zinc oxide, generated
according to the battery reaction, through the separator, is
easy to occur. It 1s to be noted that the fibers are main
fibers to constitute the separator, excluding fibers as a
binder.

It should be noted that, while a variety pf
conventionally-used materials can be used as materials for
constituting the separator in accordance with Embodiment 2 of
the present invention, it is preferable to use a non-woven
fabric separator mainly made of polyvinyl alcohol (vinylon)
fibers and rayon fibers, by reason of alkall resistance,
liquid absorbability and liquid retaining property.

The positive electrode in accordance with Embodiment
2 of the present invention can be produced by, for example,
mixing manganese dioxide, a graphite powder and an alkaline

aqueous solution such as a KOH aqueous solution to obtain a



I ndustrial Applicability As thus described, according to the present

I nvention, an alkaline dry battery lowin the possibility of electrolyte
| eakage and excel l ent in di scharge perfbfmance can be obtained. Al so,
according to the present invention, an alkaline dry battery which is
unlikely to cause an internal short circuit even with the use of a thin
separator can be provided by controlling a particle size of a zinc powder
as well as the thickness of a separator. 21 CLAIMS 1. An al kaline dry
battery coRPFitiVR elerdade mafeetal Jub<tide &ndi HELRI e Pl method.

el ectrolyte, a separator and a positive electrode, wherein said zinc powder
i ncl udes 68169 @Qrvﬁh%(ﬁqutF§iY£9nctﬁﬁuqqnﬁpé§iﬂ%§¢¥ﬁfQ?ﬁﬂaPPPcPénspﬁe of

| arger than 75 ,um and not l|arger than 425 um and 40 to 20 wt % of second
zinc parti8Fe8.having a particle size of not larger than 75 um 2. The

al kaline dry battery in accordance with Caim1, wherein said zinc powder
i ncl udes 65 to 75 wiefgonti vdew 0% P tinc cE9shzgesiion o4 thel e size of

| arger than 75 ,um and not |arger than 425 um and 35 to 25 wt % of second
zinc parti eélkaliaei ey Pafderycin aceerdsnaeowithr the BIREeNts INYRPLAAR said
el ectrolyte contains 37.5 to 38.5 wt% of KOH 3. The alkaline dry battery
i n accor dadgeshpvn 1 HIG.11.wherein said separator has a thickness of 190
to 320 um 4. The alkaline dry battery in accordance with Claim3, wherein
sai d separator has alnd¥§-t .08 Dogbtive @lestypdepnateripde MKENERNé dry
battery in accordance with Caim3, wherein said separator is constituted
by fibers Kowmag tofbhecheddheoshape obra shemt-gyiladrieal pellet, a

separator 4 and a gel negative electrode 3 are accommodated
inside a battery case 1. As the battery case 1, a steel case
with the inside thereof nickel-plated or the like can be used.
A plurality of the positive electrode material mixtures 2 are
accommodated inside the battery case 1, in the state of
intimate contact therewith. The separator 4 is disposed still
inside the positive electrode material mixture 2, and the gel
negative electrode 3 1s filled still inside thereof.

In the following, the present invention will be
described more specifically using the examples; however, the

present invention 1s not limited thereto.

Examples 1 to 6 and Comparative Examples 1 to 6

In order to produce an alkaline dry battery in
accordance with Embodiment 1 above, having the structure shown
in FIG. 1, a positive electrode material mixture 2 was
produced in the following manner. First, manganese oxide,

graphite and an alkaline electrolyte were mixed in the weight



6. The alkaline dry battery in accordance with Claim1, wherein said zinc
powder includes 65 to 75 wt% of first zinc particles having a particle size
of larger than 75 um and not | arger t hat? 425 um and 35 to 25 wt % of second
zi nc 22 particles having a particle size of not |larger than 75 um said
el ectrolyte contains 37.5 to 38.5 wt % of KOH, and said separator has a

t hi ckness of 190 to 320 um

. AhY. AhY. ALY. AY. Al . Al . AU&E AY. AAAlé Al A Al.. A AS, . A. A Ay. AIX AI.£I5$45f
Yd6q/ 1: ratio of 90:6:1, and the obtained mixture was ‘stirred well
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] cal] ca].cal] ca] cal] ca] cal] cal] caU] caU
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m{ upkf a\ Wea] ca] ca] ca] ca] ca] caU] ca] ca]&ca] ca] cal] ca] calcaUl ca] ca] ca] ca]ca]calc
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m{ upkf a\ W SePA@&P&atea] ca] cal] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] cal] ca] ca]
cal] ca] ca] ca] ca] ca] ca] caU] caUl_cay ca]_ca$45f i K-109&' ()-109%& ()-Y" Llo%& ()-10
%8 () - the gel negative electrode 3 used were’'l part

109&' () - 910%& 10%& () -Ydi K-#!109&' ()-!-109%& () --10%& 10%&1(1)

1098 () - q&!) %09&17(?0‘11“") |a%l!(#laie%ﬁ('5heuﬂﬂ} go@ae'e] 733 parts
109&' () - 510%& () 109 () - %rl0%&R’ ( cB UK#! 10%
N&! 10%me (DY Melghteof)a mtaﬂm"t% #9*&@/%@“@ se1lybiar Wit e () -
CE#!'10%y 109%&' ()-&s10%& ()- 10mlOmlQnB8M 10%7& k& 10%& && k&l 10%m& () -
2f (cBSEL0 £LOnASAFTefFien1sbay i Tabde 1) and aqgants. byowg %‘
10%x& ()-;4cj 1 E10 a f 10%& ()- 10%& (
k& 109& () - @%mw@)ars 1@%&1:(1; Eéggcmt%erl@sed was a mixture of X wt#%
10%&' () - Y109%&' ()-s10%& ()- 10KKLOKK10KK
I 109KK& () qflmo@)i_v @:,Ranmw é’lFV%Ego/& Ieartflcle size of not larger
109%& ()-109%&' ()- 109&' ()- @O0%&' ()-10%& ()-i ANi K- ?25109&' ()-3: 10%& ()-1" 109%&
()-- 109 (Yham FHERHm.- IS}IQ% in_Table 1, and (100-X) wt% o first zing



10%&' ()-/01241 {i H510%&' () ‘

11 10%m&' ()-! 10%r& ()-t10%r& ()-1010109' 109%& ()-7109%& ()-{c!! 1111 #tUB! 109%&
()-&s10%&' ()- 10nmm 10mm 10m S' ! 10%m& X3 -' 1 109%8& () -

k! TOOBNS' () - ##$%806 & ' ' (" }[MP1 10 10 10! N+- 109%& () - +-

1098 ()-1X 10%& ()-!110%& ()-!\!109%F& ()-('*' F (>(1)c)} <Ml 10!;y

109& ()-y 109%&' ()-!1110%& ()- !N 109%& ()- !109%& ()-

s109&' ()-c)*Y+,,.,,,}0as4 1° 10%569_ 10++ 10++ 10++! N 10%+&;Efn)' /

109& ()- | Rexbbgles hasiag @) particle sjzesef;lapgenothan /3 #dv@nd) Rotoog () -
10%& () - F10%& () - 100/&'7((5)---5. 0...MdEaS4 1°10 10%& ()- Y109%&' ()-

109%& () - MLB3RIEY - thapd2d5) L8100k () - MDOOO1F11dEaS4

1" 10s3MLOY%& () - F1' 10%& ()- y/ 10%& ()---109%&' ()-+310%& ()-) . 109%& ég 11192: 2;
2<272| 2bC 1" 110%r8' (As epgrater 1 fongn1yogen )fabric (thickness of

10%&f()-4f510%&fS)-|222,3d333dEbC
220 um) made by mixing polyvinyl alcohol fibers and rayon

fibers in the weight ratio of 7:10 was used. It should be
noted that the density of the separator used was 0.30 g/cm®
and the fineness of the fibers to constitute the separator was
0.3 denier. Further, the ratio of the fibers is not limited
to this, and other fibers may be added as a binder.

Subsequently, a negative electrode collector 6 was
installed in the center of the gel negative electrode 3. It
should be noted that the negative electrode collector 6 was
integrated with a gasket 5 and a bottom plate 7 also serving
as a negative electrode terminal.

Then, the open end of the battery case 1 was cramped
on the edge part of the bottom plate 7 via the end of the
gasket 5 so that the opening of the battery case 1 was sealed.
Finally, the outer surface of the battery case 1 was covered
with an exterior label 8 to obtain alkaline dry batteries 1 to
6 of the present 1lnvention and comparative alkaline dry
batteries 1 to 6.

[Evaluation]

Plural articles of each of the above alkaline dry
batteries 1 to 6 and comparative alkaline dry batteries 1 to 6
were prepared and evaluated as follows.

(1) The number of liquid leakage
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result of Comparative Example 5 as a conventional example was



rD 5¢7c8c: c; c=c?cgGH& 109A" & ()-& 10%A"& ()-& 109A" & ()-& 10%A"& ()-&
10%A" & ()-& 109" & ()-& 10%A" & () - ?cFc RcScVcaEY%& 109A" &' () - &

109A" & ()-' & 10%A" & ()-& 109%A" &' ()- Ao & 109%A" & () - VeXcZe\ c_cac_9%&
109" & ()-& 109%A" & ()-& 109%A"& ()-& 109A"& ()-& 109A"& ()-& 100A"& ()-&
10%A" & () -acbcccecfci ckcf F&& 109A" & () -& 10%A" & ()-& 109%A' & () -&

109" & ()-& 10%A"& ()-Ao rD kcncpescucve=&& 109%A"Ao rD & 109A" & ()-&
10%A" & () - & 109%A" & 85 &1%0%\" & (QnvgueycleeccdD 109 AL 109" & () - &
1094 & () - 49900Ahe FPsRLE Jegs SN in il %’( ~ gRBBNe BAME: o cc] AD&
10%A" A& 109A" & ()-Ao 1D & 10%A" & ()-& 109%A" & ()- & 109A'& ()-cecceeecCq
109" A 10%@%‘1%%4%‘ m'cgn%l)l.cﬁeffoé 'a&"‘ﬂ“?&a%g uRrent @ffég%}i" ER(){E%&
10%A" & ()-cccccect aA9%® 1QVA" & () - & 109 & ()-& 109%A" & ().-' Ao .rD &
109A" & () - BA18Tp ("}A'c&?@cééﬂs? A% (JoF t()tg&tﬁma%# (‘3fE 2&%0?(9%&"&"??- &
109%A" & ()-& 10%A" & ()-& 109%A"& ()-& 10%A" & ()-cccccecf F&& 10%A" &' () - &
104" & () - @btadped: ()-& 109A"& ()-& 10%A"& ()-Ao rD cccccc=&& 10%A"Ao D
& 109" & ()-& 109A"& ()-& 10%A" & ()-& 10%A" & ()-ccccccchH& 109A" Ao&
10%A" & ()-& 109" & ()-& 109A" & ()- & TehAesl()-& 109" & ()-&

10%A" & () {CCCCCClAR% T0VATAX IPYRi&uid - AA0 TD#g 107 A & ()-& I8FA & () &
109" & (){ccccccccCl 1PN Adg 1DYAS 'a&)i-dei TOVA™ &1 GLoZagillA & (] -[%torage
dovava ()]s 1o e ()-8 100a0el Coselpaanintel Lol () et oni T
E ) TR 7 = RY) & a L -l&
109" & ()-ﬁ'@@é\*ﬁf )g’ézolce/ : o9 4R BN A EON O dd
d#ds$d" daEU&dél)p%\' AT AT 4694 A AT
100" & () {' dY d+d 24 YA & -G TAALE R J R H0Y -&
109" & () - 1l N RO L A DRSPS SO (AN B £ A VIO (s b
100" & ()-ﬁg%‘g2 15350 dodh ol 1§ orlG%\L&&g%—-véﬂE LIBT3 T Y
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Comp 4 39.0 30 11 110 108 100 99
Ex.. 5 40.0 5 3 100 98 100 98
6 40.0 30 23 108 105 100 98

*A: Electrolyte Concentration (wt%)
*B: Zinc particles of not more than 75 um (X wt%)
*#C: Discharge performance 1, Pulse intermittent discharge

*D: Discharge performance 2, Constant current discharge

It 1s found from Table 1 that when a KOH aqueous
solution with a concentration of 37.5 to 38.5 wt% was used and
a zinc powder including second zinc particles having a
particle size of not larger than 75 /m was used, an alkaline
dry battery low in liquid leakage ratio and excellent in

discharge performance can be obtained.

Examples 7 to 26 and Comparative Examples 7 to 17
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O ( 90:%:1€)and the obtained mixture was stirred well and then

compression molded to be flaky. Subsequently, the flaky

positive electrode material mixture was grinded to be granular

positive electrode material mixtures, which were classified

wilth a sleve and the granules of 10 to 100 meshes were

compression molded to be hollow-cylindrical so as to obtain

the pellet-like positive electrode material mixture 2. Four

of the positive electrode material mixtures 2 were inserted

into the battery case 1 and re-molded with a compressing Jig

to be in intimate contact with the internal wall of the

battery case 1.

At the center of the positive electrode material

mixture 2 disposed inside the battery case 1 as thus describeqd,

a bottomed cylindrical separator 4 was disposed, and then a

prescribed amount of the alkaline electrolyte was charged into

the separator 4. After a lapse of prescribed time, a gel

negative electrode 3 comprising the alkaline electrolyte, a

gelling agent and a zinc alloy powder was filled in the

separator 4.

As the gel negative electrode 3 used was a gel
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negative electrode comprising 1 part by weilght of polysodium
acrylate which was the gelling agent, 33 parts by weight of

38 wt%¥ of a potassium hydroxide aqueous solution and 66 parts
by welght of a zinc powder. As the zinc powder used was one
having a particle size of not larger than 425 um and including
second particles having a particle size of not larger than

75 um in the amount (Y wt%) shown in Table 1 .

As the separator 4, a non-woven fabric which was
made by mixing polyvinyl alcohol fibers and rayon fibers in
the welght ratio of 7:10 and had the total thickness shown in
Table 2. It should be noted that the density of the separator
used was 0.30 g/cm® and the fineness of the fibers to
constitute the separator was 0.3 denler. Further, the ratio
of the fibers is not limited to this, and other fibers may be
added as a binder.

Subsequently, a negative electrode collector 6 was
installed in the center of the gel negative electrode 3. It
should be noted that the negative electrode collector 6 was
integrated with a gasket 5 and a bottom plate 7 also serving
as a negative electrode terminal.

Then, the open end of the battery case 1 was cramped
on the edge part of the bottom plate 7 via the end of the
gasket 5 so that the opening of the battery case 1 was sealed.
Finally, the outer surface of the battery case 1 was covered
with an exterior label 8 to obtain alkaline dry batteries LR6.
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(1) Occurrence or non-occurrence of abnormal discharge

10 articles of each of the above alkaline 4ry
batteries were prepared and then subjected to intermittent
discharge on condition that load was 3.9 (, the discharge time
was 5 minutes/day and a terminal voltage was 1.0 V. Then, the
number of the battery articles where abnormal discharge
occurred as voltage steeply dropped due to an internal short
circuit in the middle of the discharge was counted.

Herein, the alkaline dry batteries where abnormal
discharge occurred with a terminal voltage not less than 1.0 V
was indicated as X, ones where abnormal discharge occurred
with a terminal voltage not less than 0.75 V and less than 1.0
V as A, and ones where abnormal discharge did not occur until
a terminal voltage droped to less than 0.75 V as O. The
results were shown in Tables 2 and 3.
(11) Life

Next, the above alkaline dry batteries at the
initial stage (immediately after production) were subjected to
continuous discharge at a constant current of 1000 mA, and the
time (minutes) which elapsed until a voltage reached 1.0 V was
measured. The results were shown in Tables 2 and 3.
(1i1) Safety

Four articles of each of the above alkaline dry
batteries were connected in series with a lead wire and short-
circuited, and the number of the exploded battery articles was

counted. The results were shown in Tables 2 and 3.
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Table 2
*E *F A‘:>><nomal A);Lschalge *G Safety
Comp.Ex.7 15 0 1 9 93 0
7 20 0 0 10 96 0
8 320 25 0 0 10 98 0
Ex. 9 30 0 0 10 100 0
10 35 0 0 10 101 0
11 40 0 0 10 102 0
Comp.Ex.8 15 0 1 9 98 0
12 20 0 0 10 100 0
13 250 25 0 0 10 101 0
Ex. 14 30 0 0 10 102 0
15 35 0 0 10 103 0
16 40 0 0 10 105 0
Comp.Ex.9 15 0 1 9 98 0
17 20 0 0 10 100 1]
18 220 25 0 0 10 102 0
Ex. 19 30 0 0 10 102 0
20 35 0 0 10 103 0
21 40 0 0 10 105 0
Comp.Ex.10 50 0 0 10 108 1
*E: Thickness of separator (im)
*F: Zinc particles of not more than 75 um (wt%)
*G: Constant current discharge
Table 3
*E *F Abnormal Discharge *G Safety
Comp.Ex.11 15 0 2 8 101 0
22 20 0 0 10 102 0
23 190 25 0 0 10 104 0
Ex. 24 30 0 0 10 105 0
25 35 0 0 10 108 0
26 40 0 0 10 111 0
12 15 6 4 0 103 0
13 20 5 5 0 105 0
Comp. 14 160 25 5 5 0 108 0
Ex. 15 30 4 6 0 111 0
16 35 3 7 0 114 0
17 40 3 6 1 116 0

*E: Thickness of separator (um)

*F: Zinc particles of not more than 75 um (wt%)
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*G: Constant current discharge

It was found from Tables 2 and 3 that when a
separator has a thickness of 190 to 320 um and a zinc powder
includes 20 to 40 wt% of second zinc particles having a
particle size of not larger than 75 um, an alkaline dry

battery excellent in battery performance can be obtained.

Industrial Applicability

As thus described, according to the present
invention, an alkaline dry battery low in the possibility of
electrolyte leakage and excellent in discharge performance can
be obtained.

Also, according to the present invention, an
alkaline dry battery which is unlikely to cause an internal
short circult even with the use of a thin separator can be
provided by controlling a particle size of a zinc powder as

well as the thickness of a separator.
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1. An alkaline dry battery comprising a negative
electrode contalning a zinc powder, an electrolyte, a
separator and a positive electrode, wherein saild zinc powder
includes 60 to 80 wt%¥ of first zinc particles having a
particle size of larger than 75 um and not larger than 425 um,
and 40 to 20 wt%¥ of second zinc particles having a particle
size of not larger than 75 um.

2. The alkaline dry battery in accordance with Claim
1, wherein saild zinc powder includes 65 to 75 wt% of first
zinc particles having a particle size of larger than 75 um and
not larger than 425 um, and 35 to 25 wt¥% of second zinc
particles having a particle size of not larger than 75 um; and
sald electrolyte contains 37.5 to 38.5 wt% of KOH.

3. The alkaline dry battery in accordance with Claim
1, wherein said separator has a thickness of 190 to 320 um.

4. The alkaline dry battery in accordance with Claim
3, whereln sald separator has a density of 0.25 to 0.35 g/cm’.

5. The alkaline dry battery in accordance with Claim
3, wherein sald separator is constituted by fibers having a
fineness of not more than 0.5 denier.

6. The alkaline dry battery in accordance with Claim
1, wherein said zinc powder includes 65 to 75 wt% of first
zinc particles having a particle size of larger than 75 um and

not larger than 425 gm, and 35 to 25 wt% of second zinc
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