; e3eEg*| EdvvwIx4 y{6{T*|1Q . ALKALI NE BATTERY Technical Field The present
invention relates to an inprovenent of an al kaline battery tha e
manganese di oxi de and ni ckel oxyhydroxi dd as positive electrodmmm&mmmmmmmmn_
materi als. Background Art Al kaline batteries such as alkaline dry hatgeries
conprise, for exanple, a positive electrode case which also serves as a
positive electrode termnal, a cylindrical positive electrode m xture which
is closely fitted to the inner face of the case, and a gelled ne i

el ectrode which is disposed in a hol PRRCRIFAIEONof t he positive eIﬁ@MM@EEmmmmm
m xture with a separator interposed therebetween. Wth a recent

| oad of equi pment in which alkaline batteries are used, there is an *G00002*

i ncreasi ng demand for al kaline batteries having excell ent heavy | oad

di scharge p@LKALGNECBATTERIES, m xi ng ni ckel oxyhydroxide into the positive
el ectrode m xture has been exam ned to inprove heavy | oad di scharge
performance of al kaline batteries (e. g., Japanese Lai d- Open Patent
Publ i cati on No. 2001-15106). However, al kaline batteries including
manganese diTexhdécahdFbélbkel oxyhydroxi de as positive el ectrode active 2
materials have inferior storage performance to al kaline batteries including
no ni ckel oxyhydroxi dBhe amesente invegblen|rel@tesh ipgan cHpREGEEMONtWOEN
stored at high tenperatures. Thus, after a |long-term storage, the al kaline
batteries i mol adkagine chatterwy hpditortidizes ananganegepfdextee tand niskefeavy
| oad di scharge performance thereof is inferior to that of the al kaline
batteri es i mxiybyidrgxhde nds kegsidiyey elegtrede Batlyer mateslat$r ode potenti al
of nickel oxyhydroxide is 0.49 V relative to a normal hydrogen el ectrode
(NHE (25°C)), and the normal electrode potential of manganese dioxide is
0.15 Vrelative to an NHE (25C). Also, the potential of nickel oxyhydroxide
in a KOH agiackgreouhdt Aph (KOH concentration 40 wt~) is 370 to 410 nV
relative to an Hg/ HgO el ectrode, and the potential of electrolgtic
manganese di oxi de i n Alka@Hire ueatiterdesusieh K@ kaddoenticdt pahtemies) s,
for exanple, 240 to 270 nV relative to an Hg/ HgO el ectrode. Electrolytic
manganese dicotipadseavEay example .pét pasiiive selpaigiode gaggevhioh Bifent i onal
al kal i ne batteries including no nickel oxyhydroxide (Japanese Lai d- Open

Pat ent Publ is=atviesn aNoa pesitvivegzdzgtrogpetemninml.ald 6V1kadEheRse dioxide is
designed in consideration of storage characteristics of batteries. \Wen the
potential ofpasdigdaecsdedtorieldnixtunegihichelptlaralyl fdttedr EacE et wveen a
positive el ectrode and a negative electrode including zinc as an active
nmateri al beclowmes IFacgeofTEhe casowandha gsibed inagatdye: pdACEFodR s e

di oxide to 3 proceed readily even while the battery is_not used, thereby
i nviting detles idirspoisedl Ln atkebW EPACEcPEr The RS NVENRAPCETOd®ien t he
potential difference between the negative el ectrode and the positive

el ectrode bawottare algh at fePaprT ilnterroged t tRpRFrehetgenbat t ery becones

hi gh. However, a mmjor inprovenent in voltage naintaining characteristics
and high rate di schar #dtbhar seeent sinczease 4ot lead af SFUIPREREs b gvhich
manganese di oxi de having a potential of approximtely 250 nV which_is not

t oo high anoﬁld@tlit!@obla@%ﬁﬁéés bR HER-e ¥BRFAaRE .20 tincreRsdnA demand T
potential of manganese di oxide is changed, for example, hy controlling the
condi tions oilkaldne Hakdpsian kaving sacedlrrl RepBhiload PﬁécbﬁF%%tial

(Japanese Lai d- Open Pat ent Publication No. 2002-348693&. Di scl osure of
| nventi on performance. Thus, mixing nickel oxyhydroxidé into the

positive electrode mixture has been examined to improve heavy

load discharge performance of alkaline batteries (e.g.,

Japanese Laid-Open Patent Publication No. 2001-15106).
However, alkaline batteries including manganese

dioxide and nickel oxyhydroxide as positive electrode active



An object of the present invention is to provide an al kaline battery
capabl e of retaining heavy | oad di scharge performance even after a

| ong-term storage at high tenperatures. A al kaline battery in accordance
with the present invention conprises: a positive electrode m xture
conpri si ng manganese di oxi de and ni ckel oxyhydroxide as active materials; a
negative el ectrode conprising zinc as an active material; and an al kal i ne
el ectrolyte, and is characterized in that the potential of the manganese

di oxi de rel aiteriabs ahares cinfigniorc styrage dqeerxficamanceetOHglkyling ect rode) in
a 4 potassium hydroxi de aqueous sol ution having a KOH concentration of 40
W% is 270 metdaerheghircluding mes péckel ooxyhydnsxideanandt have tkargeanganese
di oxi de and the nickel oxyhydroxide, it is preferable that the content of

t he manganeseldi-disdhabge fespaci@lily $Dent Stemrad tatahighetenperatunss.t he

ni ckel oxyhydroxide be from10 to 80 wt% As the nmanganese dioxide, it is
possi bl e t o Thwig, ehéter ok ylongrhexgastorade oxihve ajfkkalinehbpbterntesl is

hei ght ened by cl eaning with an agueous solution of sulfuric acid. The
concent r at i dmcdfiddngf nickehoxyhydrokide quaor ssusdl @ pyabdémstihdturthe acid i s
preferably 10 wt% or higher. Brief Description of Drawings FIG 1 is a
partial |l y shenvgnadbadrdischiarge gperinrmancd| thexfecodn igl kafentobpata éhati n
accordance with the present invention. Best Mdde for Carrying Qut the

| nvention OwoE dhet ht¢kabisermatfteriese ipeltding dlmndekell akyaydrexiste.teries

i ncl udi ng manganese di oxi de and ni ckel oxyhydroxide is that the potenti al

di fference between neBgarmemali eledéradel potsrdiiadxphydiegkete causes
formation of a local battery consisting of nanganese di oxi de and ni ckel
oxyhydr oxi dexiyhydrpsidei v& @4V sedahiveute & mogmadhhydrogen aientrode
reduction reaction proceeds. 5 Thus, in order to nmake such batteries
after storad®HEet(2b% )Heawand| the ridxutiarejectiradacpetentials oft menganesei al

di fference between manganese di oxi de and ni ckel o§¥hydroxide needs to be
reduced to adoxdddeter DolatV orelsftinieckel an NHE (25C).

Also, the potential of nickel oxyhydroxide in a KOH
aqueous solution (KOH concentration 40 wt%) is 370 to 410 mV
relative to an Hg/HgO electrode, and the potential of
electrolytic manganese dloxide in a KOH aqueous solution (KOH
concentration 40 wt%) is, for example, 240 to 270 mV relative
to an Hg/HgO electrode. Electrolytic manganese dioxide having
such a potential is generally used in conventional alkaline
batteries including no nickel oxyhydroxide (Japanese Laid-Open
Patent Publication No. Hei 7-183032).

The potential of manganese dioxide is designed in
consideration of storage characteristics of batterles., When
the potential of manganese dioxide is high, the potential
difference between a positive electrode and a negative
electrode including zinc as an active material becomes large.

This allows the oxidation reaction of manganese dioxide to



oxyhydroxi de caused by the formation of the |ocal battery. For this
purpose, it is effective to heighten the potential of manganese di oxi de and
bring it close to the potential of nickel3 oxyhydroxi de. However, manganese
di oxi de having a relatively | ow potential of approximately 250 nV rel ative
to an Hg/ HQO el ectrode in a KOH aqueous sol ution (KOH concentration 40 w ~)
has conventionally been used also in alkaline batteries to which nickel
oxyhydroxi de is added to i nprove heavy | oad di scharge performance. This is
presumabl y procesd ré¢mdidyt @venawhdle nthrdadderyi dgi det agedbediereb¥ct ed
based on the above-described technically comobn know edge about

convent i onalinwikihg nde tetitonatdoni Avl stvrage charerEprasihesir oMearwinl tewout
sufficient awareness that the formation of the |ocal battery causes

det eri or at i vhenf the chetendxidly diffedence roeiween tbesnpgative teHectrode
deterioration of nickel oxyhydroxide due to the formation of the | ocal
battery, itand théepositive electradgadpeceneti darde  hthenepen poirawlital of 270
nV or higher relative to an Hg/ HgO el ectrode in a KOH aqueous sol ution (KOH
concent r at i ynliagetof the datdepychacemesdrighe dioweNsr . mangadese di oxi de
makes it possible to reduce the 6 potential difference between the nickel
oxyhydr oxi démprovemény irsewblitagel ralnbaiming eharaciagishitcmishidgl di oxi de
down to a level at which the above-described oxidation reduction reaction

i s suppr essedteTbsobares chanticierdsthes iy notpobsarved. ofhgrefaxeor hi gher
relative to an Hg/ HgO el ectrode in a KOH aqueous sol ution (KOH

concentr at i mangenese dbgxide haydaged, potentaadngife appyorimately A0hHVa

sol ution contai ni ng dival ent manganese ions. For exanple, in perform ng

el ectrol ysi shishngsanotictat higingadeset sied gdiaw Hgsubpeame t Preeqsstiaantal of
manganese dioxide is varied by controlling electrolytic potential,
manganese i on concentkatisorknown thatctheinptemtdait et napganage adioxddasity,
solution tenperature, etc (Japanese Lai d-Open Patent Publication No.

2002- 348693)Ls Thangednefoy texampdienaby eRnirollinchdhgr cor@btirn Qfuce

el ectrol yti c manganese di oxi de having a desired potential by properly

sel ecting eledectobyybits cantih i%@ﬁrﬁpm?dmmh’ﬁ?ﬁ@aﬁégepﬂt%‘ﬂi&i havi ng | ow
potential is cleaned with sulfuric acid, |ower |evel nanganese oxi des on

t he surf aced Japanafngahatd-QpaixPadephr Prelicatdon HoasgdPQ2u3486W k-enoved, so
t hat manganese di oxi de havi ng hi gher potential can be obtained. For

exanpl e, electrolytic manganese dioxide is mxed with an aqueous sol ution
of sulfuric acid to produce slurry. The concentration of manganese di oxi de
in the produbddciosnry ofs Invenddaply from 100 to 300 g/L. The sulfuric acid
concentration of the agqueous solution of sulfuric acid used therein is
preferably 5 wt % or highellegid ofotheppeesenih| \pventihen, &% 0 PRAVIAE &8 the
el ectrol yti c manganese di oxi de used therein nornmally has _a purity of 91 to
92 %with i edkadiies batregvireanaddes@fénratalplpg heayy lagadqa 798 des,

wat er and sulfate . Subsequently, the slurry is stirred for 5 to 10 hours
whil e the t @fFEozmaneet peerALtEr @ailfRdr hewn gtornge: §t6BEIR Thereaf ter,
manganese dioxide is filtered out, washed with water, and neutralized with
al kali if ndE@EPSIAFURAB-washed again. By these steps, the potential of
manganese di oxide is heightened. The positive el ectrode m xture is prepared
by nixi ng nmanganese dkBxaHealdnen bRELERY che PGRATSRNCE VAR HheRpesent
oxyhydroxi de together with a conductive nmaterial such as graphite and an

al kal i ne aquevientdopuEPBRTiSSR: & deRGE1ipare1eirade, MEtuREng HSDxi de
is preferably from30 _to 50 um_and_the average particle size of njckel
oxyhydr oxi dehanganesee AigK{Ae rapf DlckedooRMRYEERHINS asi AChi¥e MR n an
al kal i ne battery havi ng_excel |l ent discharge performance at injtial_ stage

g

and after higmasideaelretsedn KRIPTISIRg B A5 3%e achivePeterlvect to
the total anmount of _panganese di oxi de and _ni ckel oxyhydroxide, the content
of manganese®} &8 @é-kﬁégfl?oﬁq-%trf‘{}y%'wﬁ%la%% "ﬁ}ﬂ;ﬁa‘%/tﬁéqéﬁﬁt gﬂtﬂbﬁ‘t ni&el
oxyhydroxi de be from1Q to 80 w % 8 Al i& eqithe content of manganese
di oxi de i s fRYAIIGAL ofotheomandrngre ddRrdde BT %Ry hydr oxide i's from

o . . 2
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An al kaline battery of AA size produced in the follow ng exanpl es and
conparative exanples wlll be described with reference to FIG 1. It should
be noted that FIG 1 nerely illustrates adn exanple of the al kaline battery
of t.he present invention and is not to be construed as |limting the present
invention. In FIG 1, a positive electrode case 1 is nade of steel plated
with nickel. A graphite coating film2 is forned on the inner face of the
positive electrode case 1. A plurality of positive electrode m xture

pel l ets 3 i pohashbum hydroxidec aquehupesaltutjans devdngi atOH he positive

el ectrode case 1 so as to intimately contact the inner face of the case 1.
A separ at or céncenpravioredf MG ME¥hdb| 2% sPacx dlghrE. positive el ectrode

m xture pellets 3, and an insulating cap 5 is provided in the central part
of the bottom of the Wkite respeies teptheaittntal amgunkeodothe imanganeser ode

m xture pellets 3 are inpregnated wth an al kaline electrolyte. Inside the
separ at or 4diexdferged theglickelneyuhydroxidat ddddseprafexahute \thadl &ber ode
current collector 10 is 9 inserted into the central part of the gelled
negative el eontedt 6f Uie manganese dlexidedee dnomed0 ol P@cfiy apgl ithat
pressed into a central hole of a resin sealing plate 7, and is integrally
wel ded, at tthe kentienheefothe injckepooxphydirenisies beTEEOBoI off AWM al so
functions as a negative electrode termnal. An insulating washer 9 is
caught by the seal i ngA®lthe manganesepdioxitfieond tofl st hespblle it Useect r ode
case 1 is crinped onto the outer edge of the bottomplate 8 wwth the outer
edge of the elesitmodwhic rmandanese7 dipxrddeost yvhichy Pesentdal iWus, the
opening of the positive electrode case 1 is sealed. The outer surface of

t he positivaedightenedebyagteaning wdihr ad aqUePUs FRdKELON 98| sulfuntcanpl e 1
(a) Process of heightening potential of nmanganese di oxi de HH PF,

el ectrol yti @aidinganese di oxi de for al kaline batteries manufactured by Tosoh
Cor poration, was used. The physical properties of HH PF are shown bel ow.
MhOz purity: 91 or hiGherconueitzgsiparof cseliizie gpidi Aedthsy aguaadso- t r ack
met hod: about 40 ,um'pH 3.0 to 4.0 Electrode potential relative to an
Hg/ HgO el ectscdadion af KenlEewid @sidolgt PRt ¢ratdyc dQc wihkr aFibkohgrw ) : 254
nv 10 This electrol ytic manganese di oxi de. was m xed with an aqueous
solution of sulfuric acid having a sulfuric acid concentration of 5 w%to
produce slurry of 60. The concentration of manganese dioxide in the slurry
was 100 g/ L.Brdgifs Dggentipyion ef dnawipdRas stirred for one hour while it was
mai nt ai ned at 60C, and thereafter, manganese di oxide was filtered out and
washed with water. ThBEG. thelswis PaFtAahEntedianed FEoRAsVIRRIRId &kt h an
aqueous sol ution of sodium hydroxide to neutralize the remaining sulfuric
aci d and wasixaNpd§aiof #nt alk@atine battery in accordance with the present

invention.

Best Mode for Carrying Out the Invention

One of the reasons for the self-discharge of
alkaline batteries including manganese dioxlide and nickel
oxyhydroxide is that the potential difference between
manganese dioxide and nickel oxyhydroxide causes formation of
a local battery consisting of manganese dioxide and nickel
oxyhydroxide in a positive electrode mixture in which an

oxidation reduction reaction proceeds.



Thi s produced manganese di oxi de "a" whose potential relative to an Hg/ HgO
el ectrode in a KOH aqueous solution (KOH concentration 40 w% was 272 nV.
(b) Preparation of positive electrode m X ure The Manganese di oxide with
hei ght ened potential, nickel oxyhydroxide (average particle size 10 um,
and graphite (average particle size 20 Vim were mxed in a weight ratio of
50:50: 5. Further, 1 part by weight of an al kaline electrolyte per 100 parts
by wei ght of the total of manganese di oxi de and ni ckel oxyhydroxi de was
added to the abovedesBrusednrioxdgreto apeke Ruche balttaniesisftiar steragei rred
with a mxer and granulated to have a certain particle size. Therein, the
al kal i ne el getpdnyheavy etpathSischagae ooRarastianistics .  ptheseotgntihadr oxi de
having a KOH concentration of 40 wt% The particles thus obtai ned were
pressuri zed differanae| betwesn imepdiangse s@ieride and algbsel t exghydraxidede

m xture pellets A 11 (c) Preparation of gelled negative el ectrode 100
parts by weingiedsotozbecredighsd tes ayopdgdetemlianatdonodt ntekedk material, 1.5
parts by wei ght of sodium polyacrylate as a gelling agent, and 50 parts by
wei ght of aexyhydrpréde| eausesl pve thanfammebien o Ggﬁogoéﬁl pRA e Ym

hydr oxi de having a KOH concentration of 40 wt% were m xed with each ot her
to produce ¥FoFelthis RagReswe I det effective T helohiten bhe PeEantHialpeftiery
A plurality of positive electrode m xture pellets A thus obtained were

char ged i nt #aadppepei ¢toxlde gngibrdngelit gehdpdheepetentibrl qff essed
again inside the case so as to intimately contact the inner face of the
case. Subsediskelyoxghydrexiderr was fitted to the inner face of the holl ow
space of the positive electrode m xture pellets A and an insulating cap
was provided in the c@@W@YﬁIVpéﬁpgéﬁeﬁﬁedikﬁ#QﬁnN§Wiﬁﬁeacﬁ%%ﬁthWﬁii low

al kaline electrolyte (an aqueous sol ution of potassium hydroxi de having a
KOH concent Pfteskiad 20 apppoximatedyedbldny Hetatiyec 40eak HIMHIRgnat e t he
separator and the positive electrode mxture pellets A Next, the gelled
negative el EHECIFOIRRAN R HPPLATUCOYSt FRIAEL PR KObh consaRtERRERY 48 Wild
separator, and a predetern ned negative el ectrode current col|ector was

i nserted i nthas genventiarally tbesm ugedgalsedihegeilinecPaEEeHRS (1@ seal the
openi ng of the case. Thereafter, by perform ng a predeterm ned crinping
operation, ahighcairkelpexyhyrdroridealsi added 9 |igpreyechesry H@d 1 was
assenbl ed. This alkaline battery was nanmed as 12 battery A. (e)

Eval uati on ¢¥isghrzopneerie¥manceRat Tl e presymabhy thegaugesddeand after a
7-day storage at 60C were continuously discharged at a constant electric
power of 100 teptdaloof, mapgenase KdoFadauhas RiemBelresstrRasehian ke
battery voltage reached to a cut-off voltage of 0.9 V. Also, the ratio (~)
of the discﬁ&F@@'@GF&FFBﬂdo?eQWRQQE&QHeF9m@§heﬁnQW%ﬁdgﬁoPQQBtto t he di scharge
duration of the batterX at_the initial stage was, obtained, Exanple 2 The
potential ofcon¥egdtesal dabkatine batierifs e YH NG, 8Os B EX G hnner as in
Exanpl e 1 except that the concentration of sulfuric acid jn the aqueous

sol ution of qﬁﬂﬂQ§iQEiHiﬁ@89¥ﬂﬁ5§§&&gPPBn?!?ﬁﬁnqq§ fgaﬁﬂFhﬁSEQﬁTa ™t and
30 wt. This(froduced el ectrol yti c manganese, di oxi de "b", "c!, "d" and "e"
whose pot ent9faItdhey érP&Fﬂ-vBaFBeéh qayeag0deFREL YRt A °f RéEEKSHueous sol uti on
(KOH concentration 40 wt) were 281 nV, 288 nV, 297 nV and 312 nV,

respect i vel PXYQYILQFEERt | y, positive el ectrode mixture pellets B, C, D and

E were produced in the sa nner _as in anpl e ex t for the . use of
the electrol ytic nangéﬂe%’gg?i‘? &é‘ppﬁe?seg%‘ %ﬁrﬁgraﬁﬁgn of 'nickel

oxyhydroxide due to the formation of the local battery, it is
effective to use manganese dioxide having a potential of 270
mV or higher relative to an Hg/HgO electrode 1n a KOH aqueous
solution (KOH concentration 40 wt%). This 1is because the use

of such manganese dioxide makes it possible to reduce the



Thereafter, batteries B, C, D and E were produced in the same manner as in
Exanpl e 1 except for the use of the positive electrode m xture pellets B,

C, Dand E, and were 13 evaluated in tiee sane manner as the battery A
Conparative Exanple 1 Positive electrode mxture pellets F were produced in
the sane manner as in Exanple 1 except that HH PF, electrolytic manganese
di oxi de for alkaline batteries manufactured by Tosoh Corporation, was used
wi t hout any treatnent. Then, a battery F was produced in the sane manner as
i n Exanpl e potrntpal fdifidrengecbetwetr usiniickelepsyhydoexidetgenerpdllets F
and was evaluated in the sane manner as the battery A Exanple 3 HH TF,

el ectrol yt i usednijanetkaldinibddtevlesl aad i the pangencee dboxEde tdownd tbyaTosoh
Cor poration, was used. The physical properties of HHTF are shown bel ow.
Mh02 purityle9éd at whiglertleAaboxgedeserildd oxildatdbnareduectbhora m cro-track
met hod: about 40 ,um'pH 3.0 to 4.0 Potential relative to an Hg/ HgO

el ectrode i meackKObh atsiesuppresisedi.on (KOH concentration 40 w%: 275 nV The
potential of this electrolytic nanganese di oxi de was hei ghtened in the sane
manner as in Exanpl e The tnangabespr dtioxide) haviggnaspotiéntiale ofy'27@ghnVe
potential relative to an Hg/ HJO el ectrode in a KOH aqueous sol ution (KOH
concentrat i or highern(reddtive t28annig/Buyd sslpedmode, 1posi KOR ecacdieparsr ode

m xture pellets G were produced in the same nanner as in Exanple 1 except
for solution (KOH concentration 40 wt%) may be prepared, for

example, by electrolyzing a solution containing divalent
manganese lons. For example, in perforﬁing electrolysis using
an acidic manganese sulfate solution, the potential of
manganese dioxide is varied by controlling electrolytic
potential, manganese lon concentration, sulfuric acid
concentration, current density, solution temperature, etc
(Japanese Laid-Open Patent Publication No. 2002-348693). Thus,
one with ordinary skill in the art could produce electrolytic
manganese dioxide having a desired potential by properly
selecting electrolytic conditions.

Also, when manganese dioxide having low potential is
cleaned with sulfuric acld, lower level manganese oxides on
the surfaces of manganese dlioxide particles are dissolved and
removed, so that manganese dioxide having higher potential can
be obtailned.

For example, electrolytic manganese dioxide 1s mixed
with an aqgueous solution of sulfuric acid to produce slurry.
The concentration of manganese dioxide in the produced slurry

is preferably from 100 to 300 g/L. The sulfuric acid



the use of the electrolytic nmanganese di oxide g". Thereafter, a battery G
was produced i'n the same manner as in Exanple 1 except for the use of the
positive electrode mxture pellets G and Mas evaluated in the same nanner
as t.he battery A Table 1 shows potentials of the manganese di oxide "a" to
g" and di scharge durations of the batteries Ato G It is noted that each
di scharge duration is an average value of ten batteries which is expressed
as a relative value obtained by defining the discharge duration at the
initial stagenoénthatien taff ythe iaquepupasatutieonEvfnpghdfurts dadigi usedl e 1

El ectrodeSul furic aci dpotenti al Di scharge

dur at i on( BMthBaeinrr e dpresfanailiyohoWt®. ¢xvlhgheryandsuene t peeignanlyod0%) di oxi
dest age( A) st or age( B) Exanpl e 1A52721027473B102811037775C152881028179E

2xanp eD2029r2008181¢13913.1 281998 1h@rfllestrolytic manganese dioxide used
3G52831048279Conpar at i veF52541007171exanple 1 (Cut-off voltage 0.9V) 15
As is clear thegsimanoenally hasoat purity of (Y Eo BRI dhwittle dinmlvpdiens of

di oxi de having a potential of 270 nV or higher, had an inproved di scharge
per f or mance impuritheghsudnmas dower ievehgeanganesepakides. \Wwaten @adoattery
F, which used manganese di oxi de having a potential |ower than 270 nV. In

t he processsugflfateght ening the potential of electrolytic nanganese di oxide,
t he higher the sulfuric acid concentration of the agueous sol uti on of

sul furic acid, the hiSpkgequentdyt, ehhe slwrry e stdgrednforrdhdg@and®e di oxi de.
Al so; the higher the sulfuric acid concentration of the aqueous sol ution of
sul furi c acheurshwhhighthe ttampereitoref thereaf dehardatained iath 45C ttiee
battery after storage to the discharge duration of the battery at the
initial sta§®C.A Teereafittesugmanganese stiryigdends félteredroutt.havaghedhar ge
durations at the initial stage of the batteries Ato D were |onger than

t hat of thewd&ht wayer, wind cquiaadizefavijeth dukalilodfoneceesyay tand) E was
shorter. Next, in the foll ow ng exanples and conparative exanples, the
content of wasker agghydr 8Yi fhese tstensspdbe potemblabiofi mansanResef
manganese di oxi de and ni ckel oxyhydroxi de was exam ned. Conparative Exanple
2 Positive dilezdfedismsightenad.| ets were produced in the sane manner as in

Exanpl e 1 except that HH PF, el ectrolytic nanganese di oxi de for al kaline
batteries The positive electrode mixture i1s prepared by mixing

manganese dioxide with heightened potential and nickel
oxyhydroxide together with a conductive material such as
graphite and an alkaline aqueous solution.

The average particle size of manganese dioxide is
preferably from 30 to 50 um, and the average particle size of
nickel oxyhydroxide is preferably from 5 to 30 um.

Further, in order to obtalin an alkaline battery
having excellent discharge performance at initlal stage and
after high temperature storage, it is preferable that with
respect to the total amount of manganese dioxide and nickel
oxyhydroxide, the content of manganese dioxide be from 20 to
90 wt% and that the content of nickel oxyhydroxide be from 10

to 80 wtg.



16 manufactured by Tosoh Corporation, was used w thout any treatnent and
that the contents of manganese di oxi de and ni ckel oxyhydroxide in the
positive electrode m xture were varied a8 shown in Table 2, and batteries 1
to 8 were assenbl ed. Then, the batteries 1 to 8 were evaluated in the same
manner as the battery A of Exanple 1. Table 2 shows di scharge durations of
the batteries 1 to 8. It is noted that each discharge duration is an
average value of ten batteries which is expressed as a relative val ue

obt ai ned by defi ni ng Also divhenhathe domtentorofamangenesetdidxigsiends dicomhe
battery 1 as 100. Table 2 BatteryContent in positive electrode (part by
wei ght ) Di sc@fr e 80rwt$ cand Bhe) xnotedh geh gskckdilo pkybiireelde xieh ook i28e
Graphitelnitial stage(A)After storage(B)100 O

) 1100051009292 29585% 0 2898 BFTh@T 06 7 D BEATEREE:] D80 4B e58 isabIss IRt ery8051479
06171090515783538010051617949 (Cut-of f vol tage 0.9V) Exanple 4 HH PF,

el ectrol yti etmingahad esthasxilde flugtherkihprevesht t eri es nanuf act ured by Tosoh
Cor poration, was used. The 17

Examples

An alkaline battery of AA size produced in the
following examples and comparative examples will be described
with reference to FIG. 1. It should be noted that FIG. 1
merely illustrates an example of the alkaline battery of the
present invention and is not to be construed as limiting the
present invention.

In FIG. 1, a positive electrode case 1 is made of
steel plated with nickel. A graphite coating f£film 2 is formed
on the inner face of the positive electrode case 1. A
plurality of positive electrode mixture pellets 3 in a short
cylindrical shape are inserted into the positive electrode
case 1 so as to intimately contact the inner face of the case
1.

A separator 4 is provided in the hollow space of the
positive electrode mixture pellets 3, and an insulating cap 5
is provided in the central part of the bottom of the case 1.
The separator 4 and the positive electrode mixture pellets 3
are impregnated with an alkaline electrolyte.

Inside the separator 4 is charged a gelled negative

electrode 6. A negatlve electrode current collector 10 is



potential of this electrolytic nmanganese di oxi de was hei ghtened in the sane
manner as in Exanple 1 except for the use of an aqueous sol ution of

sul furic acid having a sulfuric acid con®ntration of 15 wt% thereby
produci ng manganese di oxi de whose potential relative to an Hg/ HgO el ectrode
in a KOH aqueous solution (KOH concentration 40 wt) was 288 nV. Positive

el ectrode m xture pellets were produced in the sane nanner as in Exanple 1
except that the nmanganese di oxi de thus obtai ned was used and that the
contents of imeeytedsénth cicdceatdani phet ok \ihedgeiildd negativepositi ve

el ectrode m xture were varied as shown in Table 3, and batteries 9 to 14
wer e assenbledeéctThde, 6t hEFhbanegative ®legtrodeccereant wetldecitort heé tsne
manner as the battery A of Exanple 1. Table 3 shows di scharge durations of
the batteri pregsed 1dtola ¢entmgleiolpadf eactesiins sealyng dptate oh iandais
average value of ten batteries which is expressed as a relative val ue

obt ai ned by is¢kgnmahyytweldbdcledr ghedhbead i thergofi.h&oi ai botitom tlgdepf .t he
battery 1 in Conparative Exanple 2 as 100. 18 Table 3 BatteryContent in
posi tive el 8ber battopaplaty 8veilgot fFOhcthens sl @ aegehlys/ dletkrddenganese

di oxi deNi ckel oxyhydroxide G aphitelnitial stage(A) After storage(B)100

0) 9955510593831d06105An] 1059141 80P OFSI@I048 12685950 Lyl £heo $820808148101681
4109051568655 (Cut-off voltage 0.9V) Exanple 5

plate 7.

The opening end of the positive electrode case 1 is
crimped onto the outer edge of the bottom plate 8 with the
outer edge of the resin sealing plate 7 interposed
therebetween. Thus, the opening of the positive electrode

case 1 is sealed. The outer surface of the positive electrode

case 1 is covered with a Jacket label 11.

Example 1
(a) Process of heightening potentlial of manganese dioxide

HH-PF, electrolytic manganese dioxide for alkaline
batterles manufactured by Tosoh Corporation, was used. The
physical properties of HH-PF are shown below.

*MnO; purity: 91% or higher

* Average particle size obtained by a micro-track
method: about 40 um

*pH: 3.0 to 4.0

* Electrode potential relative to an Hg/HgO
electrode in a KOH aqueous solution (KOH concentration 40

wt%): 254 mV



HH TF, el ectrol ytic nanganese di oxide for al kaline batteries manufactured
by Tosoh Corporation, was used. The potential of this electrolytic
manganese di oxi de was hei ghtened in the &@&ne manner as in Exanple 1,
t her-eby produci ng manganese di oxi de whose potential relative to an Hg/ HgO
el ectrode in a KOH aqueous solution (KOH concentration 40 wt~) was 283 nV.
Positive electrode mxture pellets were produced in the sanme manner as in
Exanpl e 1 except that the nmanganese di oxi de t hus obtai ned was used and t hat
the contents of mangdflelse ediegtirddythd mandesiesex dhpyidsiwrs inixede wdshiti ve
el ectrode m xture were varied as shown in Table 4, and batteries 15 to 20
wer e assenbladagleens stkntban ofi sulisrie awldvwheyisgasusiabiurie taeddsane
manner as the battery A of Exanple 1. 19 Tabl e 4 shows di scharge
dur ati ons ofonikenbmation exf &b wtd 20. produce redrguryt hét 60%ch Bischar ge
duration is an average value of ten batteries which is expressed as a
rel ati ve vakopcebtafhben ML menggneget Aboxide Har fhedglurryrivag ke d9/fi-ti al
stage of the battery 1 in Conparative Exanple 2 as 100. Table 4
BatteryContent in postubsaguenddynotibe (Funrbywages§hrred skormmpe deuat i on
(g~A) XNo. Manganese

while it was maintained at 60C, and thereafter, manganese

dioxide was filtered out and washed with water. Then, the

washed manganese dioxide was washed with an aqueous solution

of sodium hydroxide to neutralize the remaining sulfuric acid

and washed again with water.

This produced manganese dioxide “"a" whose potential
relative to an Hg/HgO electrode in a KOH aqueous solution (KOH
concentration 40 wt%) was 272 mV.

(b) Preparation of positive electrode mixture

The Manganese dioxide with heightened potential,
nickel oxyhydroxide (average particle size 10 um), and
graphite (average particle size 20 um) were mixed in a weight
ratio of 50:50:5. Further, 1 part by weight of an alkaline
electrolyte per 100 parts by weight of the total of manganese
dioxide and nickel oxyhydroxide was added to the above-
described mixture, and the resultant mixture was stirred with
a mixer and granulated to have a certain particle size.

Therein, the alkaline electrolyte used was an aqueous solution
of potassium hydroxide having a KOH concentration of 40 wt%.

The particles thus obtained were pressurized into a hollow

cylindrical shape to mold positive electrode mixture pellets A.



di oxi deNi ckel oxyhydroxide graphitelnitial stage(A) After

storage(B) 1 00(% 1595551 0593891690105113104921780205124109881850505144114791
920805150105702010905! 578655 (Cut-off voliage 0.9V) As is clear from Tabl es
2 to 4, regardl ess of the content of nickel oxyhydroxide, the discharge
performances after high tenperature storage of the batteries conprising
manganese di oxi de having a potential of 270 nV or higher were inproved in
conparison with the batteries conprising manganese di oxi de having a
potenti al | QuerpPtéparibméf Gedledpneyetmrd ®lectsbdeage characteri stics

were particularly remarkabl e when the content of manganese di oxide with
respect to the total BOwsrtsf byanghgtes eoflizdincdpowder ms ke lnegattiydr oxi de
was from20 to 90 wt and the content of 20 ni ckel oxyhydroxi de was from
10 to 80 wt Wlebtrode natieirvd etteasal hel netpaxrtsobyheegpbenofigsddismpot ent i al
of electrolytic nmanganese dioxide, other methods than the nmethod described
in the exanpbggaoctylétee s sefelildugnagemt endo&0epplby by wedhst ofakn
Applicability According to the present invention, it is possible to
suppress sehfixdilsndasbectesntteofanf agueabk addlut loat bEr potaspiinsi ng
manganese di oxi de and ni ckel oxyhydroxide as active materials and retain
heavy | oad Hydebaide hpavimy ra®OH cbntéetration of 40 wt%) were mixed

with each other to produce a gelled negative electrode.

(d) Production of alkaline battery

A plurality of positive electrode mixture pellets A

thus obtained were charged into a positive electrode case, and

the pellets A were pressed again inside the case so as to

intimately contact the inner face of the case. Subsequently,

a separator was fitted to the inner face of the hollow space

of the positive electrode mixture pellets A, and an insulating

' cap was provided in the central part of the bottom of the case.

Then, an alkaline electrolyte (an aqueous solution of

potassium hydroxide having a KOH concentration of 40 wt%) was

injected into the case to impregnate the separator and the

positive electrode mixture pellets A. Next, the gelled

negative electrode was charged into the hollow space

surrounded by the separator, and a predetermined negative

electrode current collector was inserted into the central part

of the gelled negative electrode to seal the opening of the

case. Thereafter, by performing a predetermined crimping

operation, an alkaline battery of AA size as illustrated in

FIG. 1 was assembled. This alkaline battery was named as



al kaline battery even after storage. 21 CLAIMS 1. An al kaline battery
conprising: a‘'positive electrode m xture conprising manganese di oxi de and
ni ckel oxyhydroxi de as active materials; 1la negative el ectrode conprising
zinc as an active material; and an al kaline electrolyte, characterized in
that the potential of said manganese dioxide relative to a nercury/ nercury
oxi de el ectrode in a potassi um hydroxi de agqueous sol uti on having a KOH
concentration of 40 wt%is 270 nV or higher. 2. The alkaline battery in
accor dance watheglyaAhm 1, wherein with respect to the total amunt of said
manganese di oxi de and sai d nickel oxyhydroxi de, the content of said
manganese di(@yi @¢altatiemn o d1kad@net badbery he content of said nickel
oxyhydroxide is from10 to 80 wt% 3. The al kaline battery in accordance
with claim1, whereinpsgtéri@mnganane dhoxide stadd efldr akyetca mpnugnese

di oxi de whose potential is heightened by cleaning with an aqueous sol ution
of sul furic saaerdgedat TR sk BenbaiiRidly @iseRargedcer W donglcahm 3,
wherein the concentration of sulfuric acid in said aqueous sol ution of

sul furic aciglectri8 po¥eProfil@o® mWw at 20°C, and discharge duration was
ACACAA A LA LA AAA LA AALA &A@ AL. AL A A AU . Ae. AA&?. A, . &?#. A &K

b$df 0 2 +&Zieasured until the battery voltage reached to a cut-off

W} } xsni d_Z] 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] Grlizalgeabgad coleal aTad ¢ Tede StHwl (2)#&&| the didchabsb, }, -,/ 6/} xs
ni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

ca] ca]ca]ca ajhga ! S\V\OhE @a3th
h<L<vL<<]( >2]>déxz:]>ag:)§3@§ be iﬁ?iﬁﬁ%\r% géaijfaU] h IQQ%%B the discharge

a] ca] ca] ca] calrelieal 68l £Ré O@dﬁlﬂﬁh%a}:ﬁé] il ead C adtecahsapsed aadeal cal cal ¢
a] ca] ca] ca] ca] ca! #AaAdAAA DJDZDDDD1EpEEEEE6FI FFFG GYGGG

HEH} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EH} HHHHHI 0J 3JKNNONN[ O 00O
P@P|PPPCMC&&EgE%ReRQRLRTR|mmlga\VU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca! TR ReRS. S8SkS

SSUUBY UUWNCWMWWt@n\ﬁmof manganese dioxide was heightened in
Z| wmhc”YU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] calg Galeahaahéa] &2 ahGable 1 .except that the concentration
ZHzZ7Z @ z[[["\5\8\K\\\ ] X]]]e]f]™"& a_ "= { }xsnid_ZU]]]ca] ca] ca] ca] ca

] ca] ca] ca] clcahngleakcabedl Lol %@;h@%hﬁ%&ﬁl@fdrp%lf?%h%hf% Cad Lzl cal ca

] ca] ca] ca! " "aTaaaaal bj bbbcccdEgf ] A~ }xsnid_ZU]]]ca] ca]ca]ca]c

a] ca] ca] ca] CalLteRlee8Cs] w8l c@i o %]%cahsadzf_:@] oAl Gakcahaabgakes] ceheal calc
a] ca] ca] ca%<d H* @0% u&' ()- @ 10% u&

10% u&' () - ]g%'@dﬁ%e@ 2100 H&i ¥ 1d W &eéé ATGLES% () =~ cbPar i Qardd%er& () -
710% u& ()-fF+& 10% u& ()- S)10% u& ()-Sy 10% u& ()-

-10% u& () - @t%éélgso@aﬁ@&ﬂé Eé@atin/é* $& §hlﬁ%¢1&_§d Jeled¥rbA¥e & 4 )KOH
yM 10% / & ()-M 109B& () -t 10% & () - 10- ul0- uld- u-

aqueous solution (KOH concentration 40 wt%) were 281 mV, 288
mV, 297 mV and 312 mV, respectively.

Subsequently, positive electrode mixture pellets B,
C, D and E were produced in the same manner as in Example 1
except for the use of the electrolytic manganese dioxide "b”,
*c", "d" and “e".

Thereafter, batteries B, C, D and E were produced in

the same manner as in Example 1 except for the use of the

positive electrode mixture pellets B, C, D and E, and were



./ 0 2 L+fE9 10% u& 1098B& ()- 1098B& ()-s109B& ()-10/10/10/f Y1f
10% & ()- aS! 10%H& () - +C&wTE9 10% u&' s10% & () - 10B10B10BS@ 109B& () -
\@y 10%/BVB& ()- S@ty 1098BB& ()- @ty 10860 & ()- ZiK-E
10%& ()-,10% & ()-,!'10% & ()-, "110% & ()-|
-10% & ()-, TIOYU & ()-AO0% & ()-; W8I K-E y#10% & ()-S!s10% & () - S&10% & () -
10% & ()-@A0%U & ()-,10% & ()-@O0% & ()-8v !"#i UK y#10% & ()-10/10/10/f @
10% & ()- L-S10% & ()-fY+MIOYW & ()-f'-10% & ()-Sl % 10% & () - #¥%AFCE_UK
y#10% & @ 18¥&lGated,id b Gl hannet 1HP&Ne) battébyxR. () - X,
109 ()-t109%& () - FwxfE y#10% &
a'!'10%0oHOS () -'110% & ()-s10% & ()-101010S31 109k ()- y@l1l09%M M & ()-M
1. "/"0" 1" 2" k#xZ< y#10 10% & ()-s10% & ()-101010 ~, ! 109% () - 3(
k, ! 109& () - 8bmpaDat &rd ExHnipteSIVR@Y' z' ~] ?5<10/ @/ 10% & ()- p,! 109W& () -
K,110% /& ()- \,110% /& ()-,'10%& ()- k 109%XRx& ()-z'{'|'~" T(]()) <10/ @/
, 10%7e7& ()- S, 10%bgitivele¥dctrede mikiUte( pe3lOt K )wek® Pibuded
X, ¥, 2,{,},rdv71s10% ()- 10 10 10!'SS/ 10% ()- SS/ 10%& () -
y@ & 10%VE'1h) t1d &sAfd@ndnner, as, Af/ pxami8/ A1l except that HH-PF,
s' 10%&' ()-fl % 10%&' ()- @10%&' ()- @ 109&' () -
electrolytic manganese dioxide for alkaline batteries
manufactured by Tosoh Corporation, was used without any
treatment. Then, a battery F was produced in the same manner
as in Example 1 except for the use of the positive electrode
mixture pellets F and was evaluated in the same manner as the

battery A.

Example 3

HH-TF, electrolytic manganese dioxide for alkaline
batteries manufactured by Tosoh Corporation, was used. The
physical properties of HH-TF are shown below.

*MnO, purity: 91% or higher

* Average particle size obtained by a micro-track
method: about 40 um

*pH: 3.0 to 4.0

* Potential relative to an Hg/HgO electrode in a KOH
aqueous solution (KOH concentration 40 wt%): 275 mV

The potential of this electrolytic manganese dioxide
was heightened in the same manner as in Example 1, thereby
producing manganese dioxide “g" whose potential relative to an

Hg/HgO electrode in a KOH aqueous solution (KOH concentration



&10%& () -, ! 10%& ()-//0&0VI O] 0OdEdV71s L310%& () - SYLY 10%& ()-
s--10%& ()- SY+10%&' ()- @) 310%& () - | 000000001b@! a: ! 10%gg&’ ()-" 10% & () -

10 10S&9109& ()-f 7MLOY ()- @Z109%& ()- 138346666z[ PE: 1 10 10

10@96 109& ()-! ~: ! 10%e& () -
<PE:1 11"10%1& ()-!
109R& ()-L&LOYE ()-: {; e<f <g<h<k<v<<~ @ !f
10 10fL3109& ()-'1"109%& ()- <<(>2>g>>?dE~ @ !S!

51098 ()-3109%&' ()-y1@ 109&' ()-f/Z10%& ()- - 10%&' ()-#A A A AaAdAAACCHCL !

10% & () - |

10%

& () -

S/ 109%& () -

109&' ()- ff 109& ()-
109 () - SIO%R (L% Eowa9a83 )mvV. 10%& () - ?) @ @EARAJE~ @ ! y7MLOYE () -

10% & () - “idefiuentlyl0ppEi{ive Hletdrode mixture pellets G

were produced in the same manner as in Example 1 except for

the use of the electrolytic manganese dioxide

g”.

Thereafter, a battery G was produced in the same

manner as in Example 1 except for the use of the positive

electrode mixture pellets G and was evaluated in the same

manner as the battery A.

a”" to "g

“w ”

Table 1 shows potentials of the manganese dioxide

and discharge durations of the batteries A to G.

It is noted that each discharge duration is an average value

of ten batteries which is expressed as a relative value

obtained by defining the discharge duration at the initial

stage of the battery F in Comparative Example 1 as 100.

Table 1
Electrode
Batt Sulfuric acid | potential Discharge duration (B/A)
aNoery concentration of X
: (wt$) manganese | Initial After 100(%)
dioxide stage(A) | storage(B)
Example 1 A 5 272 102 74 73
B 10 281 103 77 75
C 15 288 102 81 79
Example 2
D 20 297 100 81 81
E 30 312 97 79 81
Example 3 G 5 283 104 82 79
Comparative
example 1 F 5 254 100 71 71

(Cut-off voltage 0.9V)

10

1109P& ()-1t:110% /& ()-!p:! 10% ()- 6668A8u8:
109%h& ()-!p 109%& () -
109 ()- @ 109%& () - S&LOY& () -

10



10y910%&' () - CCMCCCCD5DAELCL ! ) 10% & ()- ' @O0% & () - @40% & () - @#310% & () -
1'10% & () - @0% & () - 5DIDZDDDD1EaBbCl ! SS510% & () -
"310% & ()-SY1s10% & ()-! /&I0%/ & ()- -19% & () - @

10% & () - 1EpEEEEEEEEDLCL ! 10% & ()-@0% & ()- 10% & ()- 10/ 10/ 10/f99z
10% & ()-fF7!10% & () - E6Fi FFFG GdEbCl 1,10% & ()-@10% & ()-,t10% & ()-
10% & ()-@y1l0% & ()-,10% & ()-' GYGEG HEH} HdEbC1

| S#10% & ()-S! 10% & () S@0% & ()-S10% & ()-S310% & () -

10% & () - } HHHHHHHHs Y234 is clear from Table 1, the batteries A to E,

& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b%
0% & ()- HHkiHHER Ws@€lmanganese dioxide having a potential of 270 mV or

1 8&1'10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b5W & 10% & () - bHHHHHHHr X97?
Cl&! 10% & ( pigBet0o%had (3n bsgovedsdischatge IBMEYrnpnbe! aHBem, Kighy HHHHHHHH) G
-C& 10% & () -b5W & 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()
- bHHHHHHHs Ytegpe et &ré ) sthmage 10%camparbson 0sktd theblatbesr K.) whdich0% &' () -
b& 10% & ()-b& 10% & () - bHHHHHI | r S4- C& 10% & () - b& 10% & () - bb& 10% & () - b&
110% & () - b&!sbﬁ"/m&hgatnm\vdildxﬂdlel havigg! 4 Qe t@ntlaBaloves &EHan P01 0%.&' () - b5
W& 10% & ()-b& 10% & ()-bl'10

| <l =I Gl S4- C&! 10% &' ()Ib5Ne &m@%& oF - i dtoendng) the! poveREidl 19! 10% & ()-b
G 1K O SIVIYl eF-C& 10%&! 10% & ()-b& 10% & ()-b&! 10% & ()-b& 10% & ()-b&! 10
% & ()-b& 1eXe&tEplyigifanidanegieh Aiexide) 10w &ighepstheoselfyrisgiandd & ()-b
& 10% & ()-b& 10% & ()-b5WhikinlolplrlulrS4-C8& 10% & ()-b& 10% & ()-b& 10%

_& () - b5W &lcodeteatEptben 108 e Ravepys) selutien of s0dfuris-ashd.&thew & ()-b

& 10% & ()-b& 10% & ()-b& 10% & ()-bl1111111tZ@& 10& 10% & () - b&! 10% & () -
b& 10% & () highedvthe( pobantiel & )thegregwliany - pangaese Aloxidel | | ARG
& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b5W & 10% & ()-bl 111111 aGa&
1 & 1&! 10% &'the- bsgher 1886 sydfurdicl 0%id’ ¢conetisopion pfhgha oaq@qus bl 11111 e
F@r&! & & 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & ()-b& 10% & () - b& 10% &
()-bl 11 | | | sA@E&LD0OE 85U Wil i, ( The shighers the patiowR the b&! 10% & () -

bSW III1111rS4@& 10% & ()-b& 10% & ()-b& 10% & ()-b5W & 10% & () - b& 10% &
()-bl 111 ||mgc&am%&u@tbaw@r@%aa(:yemqu(tprg&elmmﬁaQ) b& 10% & (
)- bIIIIIJJeF@E&'lO%&'lO%&() b& 10% & ()-b& 10% & ()-b& 10% & () - b& 10% &

' () - b& 10% &iEchsrgeidusation @ 1w katierr aposhe dplbsialstagq,) - b&! 10% & (
)-b& 10% & ()-b& 10% & ()-b5W JJJIJ-J. I/ J0Juh[ NC& 10% & () - bl0e! 10e! 10e!
y810%! & () - 3& 10% & Alsos\@lghpuuhgths - HedSIRIISVIRL] YRCCleny, they & () - G
k,110% & ()-G,!10%! & ()-Gb 10%1& ()- X 109! & ()-

109! & () - mx@h@zgpoammqm the tpikleh ;Phagegof) the batteries A to
L109% ! & ()-&105! 105! 105! - XfL3z 10%! & ( %--'fLBz 1098 ()c O P@| PPPQ [:tS2
, T 109! ! & (D wereldomgex’ than thmedneof) ghe)batieyy Fewhile the discharge

duration of the battery E was shorter.

Next, in the followlng examples and comparative
examples, the content of nickel oxyhydroxide with respect to
the total amount of manganese dioxide and nickel oxyhydroxide

was examined.

Comparative Example 2
Positive electrode mixture pellets were produced in
the same manner as in Example 1 except that HH-PF,

electrolytic manganese dioxide for alkaline batteriles



GlO%B ! & ()- 10%8!!1& ()-QMQQRQQY @S2 '10%!'!1& ()-110%!!1& ()-

10811 & ()- ,10%0!1& ()- ,10%!!1& ()-

1081 & () - QQQQORRRgK/ 21 109! 1 & ()-110%16& ()-!110%!1& ()-110%8!1& ()-!10%
MT& ()-110%811& ()-110%8!'1& ()-RRRRR&R- R/ 21 109 11 & ()-110%!!1& ()-!110%
& ()-110%8!'1& ()-5W**WI10%!'& ()--R R

RDRLRUR[ RcC/ 21 1098 1111098 1 & ()-1109%8!!1& ()-1109%!'1& ()-1109%!'!'& ()-'109%!!
& ()-110%8!"1'& ()-[ R RNRORQRURWRMM / 21 109 I 1 & () -1109%8 ! 1 & ()-110%!!1 & ()-5W
**W110% ! | flaphfadbated &Y TosRhRERRRREAEIGN 108! uged) whbtlioutNany0%d ! 1 & ()-!1
0% !11& ()-110%!1& ()-110%8!'!1& ()-RRRRRRR ?/21'10% 1110981 & ()-110%!1!1& ()
-110% 1! & (xreabment gard -thedosthegconten 40l dapgaRERRERRRIRI.de2landd |1 & ()-!11
0%!1& ()-110%8!1& ()-110%8!!1& ()-110%!!1& ()-5W**W RRRRRRRiV+ / 2! 109 ! ! & (
)-110% !'! & pleckeDowxyRRydnosade AW the 0pési@ive) electarode nixirRRRMRRE- / 2! 1098 !
P& ()-5W**WI10%!1& ()-110%8!1& ()-110%!1& ()-110%!'!& ()-RRRRRRR_?/2!10
%4 11110% !! gafjefi1894 shan )in Eahlel&,(Qndihﬁnﬂ@n&BS)llnﬂgb'quq)-'10@6'l&f()
-RRRRRRRNN. /21 1098 ' 1 & ()-110%!1& ()-1109%8!!1& ()-110%8!1& ()-110%!!& ()-5W
| **W RRRRRREstEemBlad9s Then( ) tha 0satitesies- 11004 8 |'eexe epluaped! 100the & O-11
0%!1& ()-RRRRSSSI -/2!'10% 1 & ()-5SW**W!110%8!!1& ()-110%8!1& ()-110%!1!1& ()
-110% ! ! & ( paBeS8asser/as 1isd batteyy! A oOf Exampie! 1&' ()-110%!!1& ()-!110%!!&
"()-11098 11 & ()-1109% 1! & ()-SSS. S8SkSSni+/ 2 SS8310% ! & ()- 610%!& ()-1
S410% ! & () - y2z10% !'Bakle R sbows! @lgghanye ‘AursSSossBYf Uheubattegdes 1) -

, 1108 & ()- 9109 & ()- 1098 & ()- 109 & ()-10i!10i!10i ' Us/cWW] [ :vU4
#1098 & () - $016% &Y s noteds ghay -eqcm@tzl@&he;fge @109;@12&0(1'1) is an average

, 1109 & () - VWYY obU4 " 10% s! & ()-10!10!'10! S+10% & ()- @109 & () -

@ 10% & () valye 1084 ey )bwmamxwmm il@%’ﬂ!rezﬁse}i- ag! QO%IJE!U&[@( )V&lBBlO% s!
& ()-'"L'10%s! & ()-"L'10%s! & ()-'L'10%s! & ()-' 10% s!
&'()-X#X$X%ﬁbxakmﬁﬁﬁbﬂi¢Qﬂinmmﬂ)§he&d%§0h%MMQG&HE¢19m6§t th%)iﬂﬂpiﬁl%sﬂ
& -'L1'10% s!

0 stage of the battery 1 as 100.

Table 2
Battery Content( piar; Eti;s;.i;j.e\tteg h.;:1)ectrode Discharge duration .
No. Manganese Nickel Graphite Initial After 100(%)
dioxide | oxyhydroxide stage(A) | storage(B)
1 100 0 5 100 92 92
2 95 5 5 lo2 89 87
3 90 10 5 107 91 85
4 80 20 5 116 924 81
5 50 50 5 138 98 71
6 20 80 5 147 20 61
7 10 90 5 157 83 53
8 0 100 5 161 79 49

(Cut-off voltage 0.9V)
Example 4
HH-PF, electrolytic manganese dioxide for alkaline

batteries manufactured by Tosoh Corporation, was used. The



& ()-"L110% s! & ()-"1X; XCXIXWKXXaXcC+4L! 1L! 109! 10% s! & ()-'L!10% s!

& ()-'"L'10%s! & ()-"L'10%s! & ()-'LI'10%s! & ()-'L!I10% s!

& ()-"aXi Xr XxXXXX_) +5Wh00a! L! 10% s! & ()17L!10% s! & ()-'L!10% s!

& ()-"L110% s! & ()-'"LI10% s! & ()-" XXXXXXXdD+5Wh00a! L' 10% s! & ()-' LI 10%

sl & ()-'LI'10%
potential of this electrolytic manganese dioxide was
heightened in the same manner as in Example 1 except for the
use of an aqueous solution of sulfuric acid having a sulfuric
acid concentration of 15 wt%, thereby producing manganese
dioxide whose potential relative to an Hg/HgO electrode in a
KOH agqueous solution (KOH concentration 40 wt%) was 288 mV.

Positive electrode mixture pellets were produced in
the same manner as in Example 1 except that the manganese
dioxide thus obtailned was used and that the contents of
manganese dloxide and nickel oxyhydroxide in the positive
electrode mixture were varied as shown in Table 3, and
batteries 9 to 14 were assembled. Then, the batteries 9 to 14
were evaluated in the same manner as the baftery A of Example
1.
Table 3 shows discharge durations of the batteries 9

to 14. It 1s noted that each discharge duration is an average
value of ten batteries which 1s expressed as a relative value

obtained by defining the discharge duration at the initial

stage of the battery 1 in Comparative Example 2 as 100.



sl & ()-'L110%s! & ()-'LI10%s! & ()-'LI10%s! & ()-' XXXXXXXmvk +5L! 10% s!
& ()-'L110%s!" & ()-'LI10%s! & ()-'LI10%s! & ()-'5Wwo0a!L! 10% s!

& ()-' XXXXXXXi M +5L! 10% s! & ()-'L! 10% sL8& ()-' 5wh00a! L! 10% s! & ()-'L! 10%
sl & ()-'LI10% s! & ()-' XXXXXXX_) +5Wh00a! L! 10% s!

| Table 3
Battery Content( pianr 5(;5;1;:2;39 :tl)ectrode Discharge duration 578y X

3 No. Manganese Nickel Initial After 100(%)

; dioxide | oxyhydroxide Graphite stage(A) | storage(B)

‘ 9 95 5 5 105 93 89
10 90 10 5 111 101 921
11 80 20 5 120 104 87
12 50 50 5 141 111 79
13 20 80 5 148 101 68

; 14 10 90 5 156 86 55

% (Cut-off voltage 0.9V)

i Example 5

HH-TF, electrolytic manganese dioxide for alkaline
batteries manufactured by Tosoh Corporation, was used. The
potential of this electrolytic manganese dioxide was
heightened in the same manner as in Example 1, thereby
producing manganese dioxide whose potential relative to an

Hg/HgO electrode in a KOH aqueous solution (KOH concentration

40 wt%) was 283 mV.

Positive electrode mixture pellets were produced in
the same manner as in Example 1 except that the manganese
dioxide thus obtained was used and that the contents of
manganese dloxide and nickel oxyhydroxide in the positive
electrode mixture were varied as shown in Table 4, and
batteries 15 to 20 were assembled. Then, the batteries 15 to
20 were evaluated in the same manner as the battery A of

Example 1.



& ()-'LI10%s! & ()-'LI10%s! & ()-'LI10%s! & ()-'L!10% s!

& ()" XXXXXXXdD+5Whooa! L! 10% s! & ()-'L!10%s! & ()-'L!10%s! & ()-'L!10%
sl & ()-'LI10%s! & ()-'LI10%s! & ()-' XKIXXXXnM +5L! 10% s! & ()-' L! 10% s!
& ()-'L110%s! & ()-'LI10%s! & ()-'5wo00a! L! 10%

Table 4 shows discharge durations of the batteries
15 to 20. It is noted that each discharge duration is an
average value of ten batterles which is expressed as a
relative value obtalned by defining the discharge duration at

the initial stage of the battery 1 in Comparative Example 2 as

100.
Table 4

Battery Content( piar;: 5?;1;71;.69 he;:l)ectrocle Discharge duration (B/8) X

No. Manganese Nickel Graphite Initial After 100(%)
dioxide | oxyhydroxide stage(A) | storage(B)

15 95 5 5 105 93 89
l6 90 10 5 113 104 92
17 80 20 5 124 109 88
18 50 50 5 144 114 79
19 20 80 5 150 105 70
20 10 90 5 157 86 55

(Cut-off voltage 0.9V)

As 1is clear from Tables 2 to 4, regardless of the
content of nickel oxyhydroxide, the discharge performances
after high temperature storage of the batteries comprising
manganese dioxide having a potential of 270 mV or higher were
improved in comparison with the batteries comprising manganese
dloxide having a potential lower than 270 mvV.

The improvements in storage characteristics were
particularly remarkable when the content of manganese dioxide
with respect to the total amount of manganese dioxide and

nickel oxyhydroxide was from 20 to 90 wi% and the content of



sl & ()-" XXXXXXYi M +5L!110% s! & ()-'LI'10% s! & ()-'5wWh00a!L! 10% s!
& ()-'"L110%s! & ()-'"L110%s! & ()-'YYY Y YYY ) +5Wi00a!L!'10% s! & ()-'L!I10%
sl & ()-'"L1'10% s! & ()-'L1'10% s! & ()-'LR200% s! & ()-'YY)Y3YfYYYa@5Wh00a!
@109%!'& ()- ,GlLO%!'& ()- 10%!& ()- ,10%!'& ()- f10%!& ()-G!10% s!
& ()-'Y zZHzzZZZ[ | [ : +5Wh00a! S, MLO%s! & () - *&10%!'& ()- S(10%! & ()- @&
10%!'& ()- @109%!'& ()- @L10%s!& ()-[@z[[["'\2\3\|[:-510s! S8@O0%s! & () -
f610%6! & ()- SA@10%! & ()- S210%!' & ()- @s10%s! & () -
@ S10%s! & ( pdiskel5o8Yhydird:bidtsl @mis from 10 to 80 wti.
It is noted that as the method of heightening the
potential of electrolytic manganese dioxide, other methods
than the method described in the examples of the present

invention may be employed.

Industrial Applicability

According to the présent invention, it is possible
to suppress self-discharge reaction of an alkaline battery
comprising manganese dioxide and nickel oxyhydroxide as active
materials and retain heavy load discharge performance of the

alkaline battery even after storage.



10%! & ()- ,10%! & ()- @10%!'& ()- 10%! & ()-

s&10% ! & ()-10s!10s!']X]]]e]f]n]]aAA510s!

>110%! & ()-0>!10%! & ()-0>110%! & ()-0 20%! & ()- @O%! & ()-
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@ 10% $& () compiA%ifig £inc fdl @ f&tiye material; and an alkaline

> 10%! & ()- 05W&&S! > 10%! & ()-0& a_ "={|[:/5 @1 @ 10% $& ()-
210% $& () - e@RbbYpSELé) -cl@rand¥rised) in, thdDo%ee'porential of sald
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nickel oxyhydroxide is from 10 to 80 wt%.

3. The alkaline battery in accordance with claim 1,
wherein sald manganese dloxide is electrolytic manganese
dioxide whose potential is heightened by cleaning with an
aqueous solution qf sulfuric acid.

4. The alkaline battery in accordance with claim 3,
wherein the concentration of sulfuric acid in said aqueous

solution of sulfuric acid is 10 wt% or higher.



