1 DESCRI PTI ON ALKALI NE BATTERY Technical Field [0001] The present invention
relates to an alkaline primary battery. Particularly, the invention rel ates
to a so-called nickel-nmanganese battery conprising a positive el ectrode
mat erial m xture containi ng manganese di oxtde and ni ckel oxyhydr oxi de as
active materials, and adopting an inside-out structure. Background Art
[ 0002] Al kaline batteries usually have an inside-out structure. The
i nsi de-out structure conprises: a positive electrode case serving also as a
positive electrode termnal; cylindrical positive electrode materi al
mixture pellets conprising nanganesePBPERIREIRhi ch are attached to the
inside of the positive el ectrode case; and a gel zinc negative electrode
di sposed in the hollow of the positive electrode material mxture pellets
with a separator interposed therebetween. The positive electrode materi al
m xture of ALKHLIAE BEF?§R¥es usual |y conprises electrolytic manganese
di oxi de and a graphite conductive material. 2 [0003] Wth the w despread of
digital equipnment in recent years, the | oad power of the equi pnent that use
al kaline batteries is gradually increasing. Accordingly, demand is
i ncreasi ng f dfediatitcadi E4el@lat excel in high | oaded di scharge performance.
In order to cope with this demand, it is

[0001]

The present invention relates to an alkaline primary
battery. Particularly, the invention relates to a so-called
nickel-manganese battery comprising a positive electrode
material mixture containing manganese dioxide and nickel
oxyhydroxide as active materials, and adopting an inside-out

structure.

Background Art
[0002]

Alkaline batteries usually have an inside-out
structure. The inside-out structure comprises: a positive
electrode case serving also as a positive electrode terminal;
cylindrical positive electrode material mixture pellets
comprising manganese dioxide which are attached to the inside
of the positive electrode case; and a gel zinc negative
electrode disposed in the hollow of the positive electrode
material mixture pellets with a separator interposed
therebetween. The positive electrode material mixture of
alkaline batteries usually comprises electrolytic manganese

dioxide and a graphite conductive material.



proposed to inprove high | oaded di scharge performance of al kaline batteries
by m xi ng a nickel oxyhydroxide with a positive electrode material m xture
(see Japanese Lai d-Open Patent Publication No. Sho 57-72266). In recent
years, alkaline batteries like this have Been conmercialized and spread

wi dely. [0004] The nickel oxyhydroxide used for alkaline batteries 1is
usual |y prepared by oxidizing spherical or oval shaped nickel hydroxide
used for alkaline storage batteries (secondary batteries) with an oxidi zing
agent such as an aqueous solution of sodium hypochlorite (see Japanese

Exam ned Pat €800Plbl i cati on No. Hei 04-80513). In order to fill the nickel
oxyhydroxide into a battery at a high density, nickel hydroxide having a

hi gh bul k density (tap VHdisithe) widesprearafsidigisadr oguipmentd iing necentype
structure is usually used as a raw naterial. By treating the raw nmateri al
with an oxi dieang, atfentloadi pewer oxdy hthe ®dudpmepbpthat misen alikpdiisle having a
P type structure is obtained. [0005] 3 For the purpose of enhancing the
capacity or batterzigs dis gratinelppsinérneasdingct rAimtmrdinglyl, femandi ile f or

al kal i ne storage batteries containing cobalt, zinc and the I|ike is often
used (see Japaneseasimgnifivad bRtterniefuthdtc atkiced ihlohiglei ldhdel/ H%chatakal t,
zinc and the like are incorporated in the crystals of the nickel hydroxide,
wher eby a sol pdrfstharideon i cdasderhytdr espdewish feHie demafi@Q6itEven in recent
years, various proposal s have been nmade. For exanple, Japanese Lai d- Qpen

Pat ent Publ i cptbpdsé®.to improve high loaded discharge performance of
alkaline batteries by mixing a nickel oxyhydroxide with a
positive electrode material mixture (see Japanese Laid-Open
Patent Publication No. Sho 57-72266). In recent years,
alkaline batteries like this have been commercialized and
spread widely. |
[0004]

The nickel oxyhydroxide used for alkaline batteries
is usually prepared by oxidizing spherical or oval shaped
nickel hydroxide used for alkaline storage batteries
(secondary batteries) with an oxidizing agent such as an
aqueous solution of sodium hypochlorite (see Japanese Examined
Patent Publication No. Hei 04-80513). In order to f£ill the
nickel oxyhydroxide into a battery at a high density, nickel
hydroxide having a high bulk density (tap density) and
comprising a crystal having a f type structure is usually used
as a raw material. By treating the raw material with an
oxidizing agent, nickel oxyhydroxide comprising a crystal
having a P type structure is obtained.

[0005]



2002- 8650 proposes to use substantially-spherical nickel oxyhydroxide in an
al kaline battery. Japanese Lai d-Open Patent Publication No. 2002-203546
proposes to use a solid solution nickel oxyhydroxi de containing zinc or
cobalt. Japanese Lai d-Qpen Patent Publicasi on No. 2003-31213 proposes to
control the BET specific surface area of nickel oxyhydroxide. Japanese
Lai d- Open Patent Publication No. 2003- 123745 proposes to control the anmount
of an inpurity contained in nickel oxyhydroxide such as sulfate ions.
Japanese Lai d- Open Patent Publication No. 2003-123747 proposes to control
the average particle siBer dthenipekersex9hyenhanci®@goithecFapaedtyt9® nanganese
dioxide. It can be said that all of the proposals nentioned above were nade
based on the sifidizabvheoremi dhe positive ¢leatnodeappigked| hydkrexdde domi ques
of the positive electrode for alkaline storage batteries (or secondary
batteries) toapkahibng $tnnags dattérbesctosiainiog chbalbveninomijdddiy Wien a
ni ckel oxyhydroxide is added to a basic conposition of electrolytic
manganese di olilke asdoftegr ajded d seeodapanese Bxaimdnedl Patérpt dPulnhiszageionol t age
of the obtained battery having zinc in the negative el ectrode often
exhibits twoNpl.aHehuOT€DiXR®).. ACdbd1t, Rliateand otiveirkike @ted iacbapbeayed

vol tage of about 1.6 V. A second plateau occurs around a battery vol tage of

about 1.25 V. ifhendi sefets @apabet Hitkel tHygirdoxide , pivBeeebyr€smid s nainly
attributed to a discharge reaction in which nickel having a val ence of

about 3.0 cogbatbesnimidl My@drekiaxyhydfspmiede IS reduced to a | ower

oxi dation state. [0008]
[0006]

Even in recent years, various proposals have been

made. For example, Japanese Lajid-Open Patent Publication No.
2002-8650 proposes to use substantially-spherical nickel
oxyhydroxide in an alkaline battery. Japanese Laid-Open
Patent Publication No. 2002-203546 proposes to use a solid
solution nickel oxyhydroxide containing zinc or cobalt.
Japanese Laid-Open Patent Publication No. 2003-31213 proposes
to control the BET specific surface area of nickel
oxyhydroxide. Japanese Laid-Open Patent Publication No. 2003-
123745 proposes to control the amount of an impurity contained
in nickel oxyhydroxide such as sulfate ions. Japanese Laid-
Open Patent Publication No. 2003-123747 proposes to control
the average particle size of nickel oxyhydroxide or
electrolytic manganese dioxide. It can be said that all of
the proposals mentioned above were made based on the same
conception, that is, just to apply well-known techniques of

the positive electrode for alkaline storage batteries (or

secondary batteries) to primary batteries.



In general, it can be stated that the greater the discharge capacity in the
first plateau, the nore advantageous it is to achieve a higher capacity
battery. However, if the discharge is performed until the nickel
oxyhydroxide is conmpletely reduced close #o the bivalent state in the first
pl ateau region, the electronic conductivity of the nickel oxyhydroxide
sharply drops, which reduces the electronic conductivity of the whole
positive electrode active material mxture. As a result, the capacity of
the electrolytic nmanganese di oxide that contributes to a discharge reaction
in the second pl ateau regi on cannot be utilized sufficiently. 5 [0009]
Taking this into consideration, it can be surmsed the nickel oxyhydroxide
shoul d not beDdsstbsmpedf dns dngkption the first plateau region.

Preferably, the nickel oxyhydroxide has an appropriate anount of residual
capacity in theosetond plateau region. Presumably, this allows the positive
el ectrode material mxture to maintain relatively high electronic

conductivity even when wHen @ adtkel yéxyhyduyddesés ddded deo i wlsichar ged.
[ 0010] Meanwhile, fromthe standpoint of the productivity and cost of the

raw mat eri al , compbskeiowxafh\eleetirddyt ot maldaildsee dibgiagcahdtd eftaphiite
applied as it is to alkaline primary batteries in nost cases. Because the

material devebagiBbivdakfbranla $RecAischdide RANBagEEENathS B inésCri bed
above has not been done yet, the capacities of the electrolytic manganese

di oxi de and t BgtRes¥cha yAmexide thithddatine @QRbArb8d bftdleBalid es
are not always sufficiently utilized.

two plateau regions. A first plateau occurs around a battery
voltage of about 1.6 V. A second plateau occurs around a
battery voltage of about 1.25 V. The discharge capacity in
the first plateau region is mainly attributed to a discharge
reaction in which nickel having a valence of about 3.0
contained in the nickel oxyhydroxide is reduced to a lower
oxidation state.

[0008]

In general, it can be stated that the greater the
discharge capacity in the first plateau, the more advantageous
it is to achieve a higher capacity battery. However, if the
discharge is performed until the nickel oxyhydroxide is
completely reduced close to the bivalent state in the first
plateau region, the electronic conductivity of the nickel
oxyhydroxide sharply drops, which reduces the electronic
conductivity of the whole positive electrode active material
mixture. As a result, the capacity of the electrolytic
manganese dioxide that contributes to a discharge reaction in

the second plateau region cannot be utilized sufficiently.



Means for Solving the Problens [0011] An object of the present invention is
to sufficiently use the capacities of electrolytic manganese dioxide and a
ni ckel oxyhydroxi de which are contained in an alkaline battery while

mai ntai ning the electronic conductivity 6 Bf a positive el ectrode materi al

m xture even during the discharge of the electrolytic nanganese dioxide in
the second plateau region. (0012] Another object of the present invention
is to provide an effective nmeans to further inprove the high | oaded

di scharge performance and the utilization of electrolytic manganese

di oxi de. (001pjo®pecifically, the present invention relates to an alkaline
battery conprising a positive el ectrode, a negative electrode and an

al kaline el ectrolyte, rakipgsthiyeimiceedonei@eraoipn SithGan Pessturmesed
el ectrode material mxture containing a nickel oxyhydroxide, electrolytic

manganese di oxhdleniikd1a ox¥hgRbbk £AE WHBINIA Y8 tMBé edisthad] & eenircksl

oxyhydroxi de conprises a crystal having a A type structure, the crystal

havi ng mangangse #issolpiadehlierésion anﬁréh@rﬂwntth@f nii BRe 1 "BRERFE®SSK ] de
contained in the nlckeF oxyhydroglde is 0.5to 10 nolt relative to the

total amount of dlﬂRg&?r 8 Fmbgnese re%@.ﬁhéﬂ. negpadi tyh e iteelsecond
oxyhydr oxi de. (0014] not her obJect of the present iTnvention is to provide

o e ey auchen s bspapecits i o e N ohe
electrode material mixture to maintain relatively high
electronic conductivity even when the electrolytic manganese
dioxide is discharged.

[0010]

Meanwhile, from the standpoint of the productivity
and cost of the raw material, a nickel oxyhydroxide for
alkaline storage batteries is applied as it is to alkaline
primary batteries in most cases. Because the material
development based on a specific discharge mechanism as
described above has not been done yet, the capacities of the
electrolytic manganese dioxide and the nickel oxyhydroxide

which are contained in the batteries are not always

sufficiently utilized.

Means for Solving the Problems
[0011]

An object of the present invention is to
sufficiently use the capacities of electrolytic manganese
dioxide and a nickel oxyhydroxide which are contained in an

alkaline battery while maintaining the electronic conductivity



el ectrol yti c manganese di oxide by controlling the discharge capacity of the
ni ckel oxyhydroxi de obtained in the second 7 plateau region to an
appropriate level. [0015] In order to achieve the above objectives, the
present invention provides another alkalin®& battery conprising a positive
el ectrode, a negative electrode and an alkaline electrolyte, the positive
el ectrode conprising a positive electrode material m xture conprising a

ni ckel oxyhydroxi de, electrolytic nanganese di oxi de and a graphite
conductive nmaterial. The nickel oxyhydroxide has the follow ng properties.
Speci fi cal | y, of nat pes jprisserilectvede i ot emitedn e xtowkdeverr duxingg cidygpri si ng a
m xture of the nickel oxyhydroxide and the graphite conductive material is
i Mmersed i n adisghepgs ofs dhet edactoolvtiv mandanetsss Aibikidndim o Jevtind
current per gramof the nickel oxyhydroxide of 5 mAis then applied to the
nmol ded articl platégupedgivn.al of the nolded article exhibits a first

pl at eau region ranging from+500 to +100 nV relative to an Hg/ HgO el ectrode
and a second pbetgpu region ranging from +100 to -400 nV relative to the
Hg/ HQO el ectrode. The discharge capacity in the first plateau region per

gram of the nickel oxylnsinex 88jést 9P tiHe p2@seNb. idvéntisehay g capacity

in the second plateau region per gram of the ni ckel oxyhydroxide is 10 to
25 mAh. Effechsopiad e ldperiiol hOHS]td\aptHend inBréte PREISIYh i THHRIYA ON,

because the B nickel oxyhydroxide is not conpletely discharged at the first
plateau regi 0g; 88fat-de PrrARnRARBEORAL Btie | 8401 28k 16SbEUS ect rolytic
manganese dioxide.
[0013]

Specifically, the present invention relates to an
alkaline battery comprising a positive electrode, a negative
electrode and an alkaline electrolyte, the positive electrode
comprising a positive electrode material mixture containing a
nickel oxyhydroxide, electrolytic manganese dioxide and a
graphite conductive material, wherein the nickel oxyhydroxide
comprises a crystal having a f type structure, the crystal
having manganese dissolved therein, and the amount of the
manganese contained in the nickel oxyhydroxide is 0.5 to 10
mol% relative to the total amount of the nickel and manganese
contained in the nickel oxyhydroxide.

[0014]

Another object of the present invention is to
provide an effective means to increase the capacity of the
battery to a higher level and improve the utilization of the

electrolytic manganese dioxide by controlling the discharge

capacity of the nickel oxyhydroxide obtained in the second



capacity in the second region, the electronic conductivity of the positive
el ectrode material mxture is maintained at a high |evel even during the
di scharge of the electrolytic manganese dioxide in the second pl ateau
region. Accordingly, it is possible to suffficiently use the capacities of
the electraolytic manganese di oxi de and the nickel oxyhydroxide which are
contained in the battery. [0017] The present invention not only allows the
capacities of the electrolytic manganese di oxi de and the nickel
oxyhydroxi de to be sufficiently used, but also greatly increases the high

| oaded di schapyeteesu fregimnceo pAO4dBpromricted Ngved.t he present invention, it
Is possible to ensure sufficient discharge capacity in the first plateau

regi on and, atooib®]sane tine, to ensure an inproved current collection from
the el ectrol yti c nmanganese di oxi de. Brief Description of Draw ngs [0019]

FIG 1 is a front viewinpaifeal ty adhigvesthecabbos, oviecdtintgdkelth@anganese
battery according to an exanple of the present invention. FIG 2 is a graph

showi ng the dgﬁéﬁ@ﬂﬂ%ﬁ&n\t&%no rEvidéX ednd a2 Ra ka1 Paé st BsryA cdnprsing
according to anple 1 FI G is a graph showi ng the potential curves of

the positive gl g6L{p0gs eQTecFEEQQE C8! ASgdtA Jed 9@ cRE6QE VARG AP alisAiRlee 1.
Best Mode for rrying Qut the Invention [0020] An al kaline battery of the

present inventiQbrrolyte, the positive electrode comprising a positive
electrode material mixture comprising a nickel oxyhydroxide,
electrolytic manganese dioxide and a graphite conductive
material. The nickel oxyhydroxide has the following
properties. Specifically, in the present invention, when a
molded article comprising a mixture of the nickel oxyhydroxide
and the graphite conductive material is immersed in an aqueous
solution containing 40 wt% KOH, and a constant current per
gram of the nickel oxyhydroxide of 5 mA is then applied to the
molded article, the potential of the molded article exhibits a
first plateau region ranging from +500 to +100 mV relative to
an Hg/HgO electrode and a second plateau region ranging from
+100 to -400 mV relative to the Hg/HgO electrode. The
discharge capacity in the first plateau region per gram of the
nickel oxyhydroxide is 220 to 250 mAh. The discharge capacity
in the second plateau region per gram of the nickel

oxyhydroxide is 10 to 25 mah.

Effects of the Invention
foole6]

According to the present invention, because the



conprises a positive electrode, a negative electrode and an al kaline

el ectrolyte. The positive electrode conprises a positive electrode materi al
m xture conprising nickel oxyhydroxide, electrolytic manganese di oxi de and
a graphite conductive material. [0021] Whgn el ectrol yti c manganese di oxi de
and ni ckel oxyhydroxi de are conpared, electrolytic manganese dioxide is
superior in terns of capacity per unit gram (mAh/g), ease of filling into a
case and material cost. In terns of discharge voltage and high | oaded

di scharge perfornmance, however, nickel oxyhydroxide is superior. [0022]

Accordingly, g@BRbfeskgydritkiltRl 38CR00f chRdiialy RAOBRATHEE @ TtKOSEirdthe
positive electrode material mxture preferably contains nickel oxyhydroxide

and el ectrol yhh G+ o FRNEOPESE MH0MdGakNaR EBKcbrah 20150 800t P8 A0 tO 90

wt% respectlively, relative to the total anmount of the nickel 10

oxyhydr oxi de gggg{:F? ei&ﬁeo'éétéoﬁd”gggggﬁ?? eyl ie@?ﬁohﬂcoégﬁ uct £ eEH-fn a

battery parti _ excelTent int ance o e properties, the
e prof or abl P a0b0 5 6T S oM RREeL Y abatiirkD sk, hEATPAORIEER, & v e
ot ve Tt o b PE ST SRS B Bha! Migepretataly e ¢
d schar e | DCRBRLIROGE aldedch NSRRI T BARORME Y ° ARy, o
amount - of thei%rgghééggfs é"%iéﬂ%fE%ESELf§ &égzihgpcapacities of the

electrolytic manganese dioxide and the nickel oxyhydroxide

which are contained in the battery.

[0017]

The present invention not only allows the capacities
of the electrolytic manganese dioxide and the nickel
oxyhydroxide to be sufficiently used, but also greatly
increases the high loaded discharge performance.

[0018]

According to the present invention, it is possible

to ensure sufficient discharge capacity in the first plateau

region and, at the same time, to ensure an improved current

collection from the electrolytic manganese dioxide.

ABrief Description of Drawings
[o019]
FIG. 1 is a front view, partially in cross section,
of a nickel-manganese battery according to an example of the
present invention.

FIG. 2 is a graph showing the discharge curves of



10 wt% nore preferably 5 to 8 ww% relative to the total anmount of the

ni ckel oxyhydroxi de, the electrolytic manganese dioxide and the graphite
conductive material contained in the positive electrode material m xture.
When the anount of the graphite conductive material is less than 3 wt% the
el ectroni c conductivity of the whole positive electrode material mxture

m ght be insufficient regardless of the residual capacity of the nickel
oxyhydroxi de. Conversely, when the anmount exceeds 10 wt% the rate of the
active material relative to the positive electrode material m xture wll
be too small ,n%kéf—rﬁﬂxg_:{gné&k%athérf{@ém N0k ceergihy tOEddnpiacti.ve

material insufficie 0024] When a nolded article conprising a m xture of

the 11 nickel oxyhydroxge gngstQe%gﬁgpmﬂd%ﬂygangtbygbﬁggéj|éﬁr¢é§ ofMer sed

in an aqueous sol uti on cont ai ni ng OH, "and a constant current per

gram of the NkhESo XWIIEctolbs SofModel (CAT1sARP! t60cE addirdilifl¢d

article, the pot e exhi |ts a tirst platieau
region (i. hgﬁp S%entlal region) and a second plateau region (i.e. |ow
pot enti al reglo f 25] The potential of the nolded article can be
classified into two regions: a first plateau region in a range of +500 to
+100 nV relative to an Hg/ HgO el ectrode and a second plateau region in a

f +100_t ti t / | ectrod 0026] Th
&?Qgﬁa?g;capg&g?ﬁ%%‘ r%%:ﬁa%f'—lygﬁg WEktgfee I_l%%';%?&fe)}}ilcdreol ﬁ tLe fi ]rst SI at eau

region is pref 80%

An alkaline battery of the present invention
comprises a positive electrode, a negative electrode and an
alkaline electrolyte. The positive electrode comprises a
positive electrode material mixture comprising nickel
oxyhydroxide, electrolytic manganese dioxide and a graphite
conductive material.

[0021]

When electrolytic manganese dioxide and nickel
oxyhydroxide are compared, electrolytic manganese dioxide is
superior in terms of capacity per unit gram (mAh/g), ease of
filling into a case and material cost. In terms of discharge
voltage and high loaded discharge performance, however, nickel
oxyhydroxide is superior.

[0022]

Accordingly, considering the balance of battery
properties and cost, the positive electrode material mixture
preferably contains nickel oxyhydroxide and electrolytic
manganese dioxide in amounts of 10 to 80 wt% and 20 to 90 wtg,

respectively, relative to the total amount of the nickel



controlled to 220 to 250 mAh/g. Likew se, the discharge capacity per gram
of the nickel oxyhydroxide in the second plateau region is preferably
controlled to 10 to 25 mAh/g. [0027] The discharge capacity in the first
plateau region is mainly attributed to a ¢gyscharge reaction in which nicke
havi ng a val ence of about 3.0 contained in the nickel oxyhydroxide is
reduced to a |lower oxidation state so as to nake the nickel oxyhydroxide
low in electronic conductivity. Assumng that all the nickel in the nickel
oxyhydroxide is 12 reduced froma val ence of about 3.0 to 2.1, the upper

limt of th ' ' ' I i.d
obt ai ned i n ¢ RETRFREPAEQERARE ene RIRCHEBIVELe indanbst aRS¥ el Dthi6raer
i ckel hyd ' Aj A d
i 1 usi b1 117y £8; RIS S S RRLA LR Wit et SRTHEBBERERE | e
obtained in t

he fi | ' ' h . t hi ,
the i ckel o;ﬁﬁlya%éé%laﬁf‘%%ﬂeé e éggcqﬁeﬁfgﬁgﬁﬁ”ﬁé’?l&%l%ﬁﬁ’%
i on, : . on. E :
eason, |t hLSEERAY AL FOTES S PSRRI Goop chd (D ey and °
el ectrol yti c manganese dj oxi de takeigplace, the el ectronic conductivity of

the positive 4@ &8t /B8 FratRFIBECHHVRt¥re will be significantly reduced,

enough capacity cannot be obtained. [0029] Conversely, when the average
val ence of niéé@?3ﬂn the ni ckel oxyhydroxide is | ow or when the amount of
M incorporated in the_ nickel oxyhydroxide therein is excessively |arge,
the di scharge capacity PRragtivg grteféahi tkethe positive electrode

material mixture preferably has a higher volume energy density.
In order to ensure sufficient high loaded discharge
performance, it is necessary to add a conductive material
comprising graphite to the positive electrode active material.
A preferred amount of the graphite conductive material is 3 to
10 wt%, more preferably 5 to B wt%, relative to the total
amount of the nickel oxyhydroxide, the electrolytic manganese
dioxide and the graphite conductive material contained in the
positive electrode material mixture. When the amount of the
graphite conductive material is less than 3 wt%, the
electronic conductivity of the whole positive electrode
material mixture might be insufficient regardless of the
residual capacity of the nickel oxyhydroxide. Conversely,
when the amount exceeds 10 wt%, the rate of the active
material relative to the positive electrode material mixture
will be too small, which might make the volume energy density
of the active material insufficient.

[0024]

When a molded article comprising a mixture of the



oxyhydroxi de obtained in the first plateau region mght be I|ess than 220
mAh. In this case, the discharge capacity of the nickel oxyhydroxide wll
be insufficient, and therefore a high capacity battery cannot be obtai ned.
[0030] When a nickel oxide of high oxidatippn state is 13 locally fornmed in

t he ni ckel oxyhydroxide, it is presumed that the nickel oxide of high

oxi dation state contributes to the discharge reaction in the second pl ateau
region. [0031] .The nickel oxyhydroxide containing a certain anount of the
ni ckel oxi de of high oxidation state as described above prevents the

decrease of tReplECoEARErHARBUGHEVELY GRhitR cbRBuELEPE et RA iILTi ON.

Accordingly, the decrease of the electronic conductivity of the positive

electrode Ml eihghoed I Wik ddleblie SEFONLIIRTAYNIRG: 20 Ybs KGY.LUAla /S 2

result, the current collect Ity omthe electrolytic nmanganese di oxi de

ecrhanced, BbLErLAD GOALALLOechah! 6 nd MRS o AR EAGIL ¥ 1h007)

When t he di scharge capacity p e nic tained in

th d pl at i on 2 : ' ity i
the first pl atbatioh rBhel i pherBatbiy AFIRIE rhereBbFERP AR (1 "
di sch ' L h ' I hyd ide. objai in th
second bl at eaio 8 ot R enhitsn Fhs € SHRERY SR 1oR LR “hidhse t ne
anount of the n'ckel ﬁxide t hat contribgiﬁikgo t he d'schﬁrge reaction in

t he second pIBPtﬁBt FLFFHW) PrPedsREFIRd BHETEAPEPILPR ehhaiti IRY t he

current collectability fromthe electrolytic manganese oxide wll be
potential ‘region).

[0025]

The potential of the molded article can be
classified into two regions: a first plateau region in a range
of +500 to +100 mV relative to an Hg/HgO electrode and a
second plateau region in a range of +100 to -400 mV relative
to the Hg/HgO electrode.

[0026]

The discharge capacity per gram of the nickel
oxyhydroxide in the first plateau region is preferably
controlled to 220 to 250 maAh/g. Likewise, the discharge
capacity per gram of the nickel oxyhydroxide in the second
plateau region is preferably controlled to 10 to 25 mah/g.
[0027]

The discharge capacity in the first plateau region
is mainly attributed to a discharge reaction in which nickel
having a valence of about 3.0 contained in the nickel
oxyhydroxide is reduced to a lower oxidation state so as to
make the nickel oxyhydroxide low in electronic conductivity.

Assuming that all the nickel in the nickel oxyhydroxide is



small. [0033] 14 The nickel oxyhydroxi de having the preferable electrical
characteristics as descri bed above can be relatively easily prepared by

i ncorporating a small anmount of nanganese into a nickel oxyhydroxide. The

i ncorporation of nmanganese in a nickel ox¥%ydroxide al so greatly enhances
the high | oaded di scharge performance of e battery obtained.
Particularly, a nickel oxyhydroxide conprising a crystal having a 0 type
structure has the preferable electrical characteristics as described above,
and at the sane tine, it is excellent in terns of small volume change

during di scharge. 0] n t-her. than '

I ncor por at ed F%SH?%éeggéiy §§ﬁ8§?§e?§i$§$€45§é£ﬁﬁ|2-?0 ?§€ﬁ§5§$§k% 5&Pge of
hi gh oxi dation,_state that contributes to the lL.schar reaction in. the
second pIateaﬁhFe§+%ﬁPa¥3ﬁuﬁﬂ3§§lg? P?ﬁeQFEQeﬂﬁ(iEth cggénoﬁ%. B&e i el ude
zinc, cobalt, | ymi pum and chrom u Yet, the effect. of hanci ng the high
| oaded dischaPBgabB? dPhgﬁEb &FSFhBE%BT?QHEPq nééﬁe@ﬁgP?yzggéﬁg? bl e when
manganese i s incorporated in nickel oxyhydroxide. [0035] In a preferred
enbodi ment oflpﬁéagresent i nvention, the nickel oxyhydroxide conprises a
crystal having manganese dissolved therein and having a (3 type structure.
In a particle of such M dhe ndgkadspadiroddide bpsoPraed oteiepniski dati on
state that contributes to the discharge reaction in the second 15 pl ateau
regi on of | owcpbdeatiwity ndb@eedyprefeRdiffnsgibiddity. the discharge

capacity per gram of the nickel oxyhydroxide obtained in the
first plateau region might exceed 250 mAh. In this case, the
nickel oxyhydroxide is discharged completely in the first
plateau region, and rarely has the capacity in the second
plateau region. For this reason, in the second plateau region
where the discharge reaction of electrolytic manganese dioxide
takes place, the electronic conductivity of the positive
electrode material mixture will be significantly reduced,
enough capacity cannot be obtained.

[0029]

Conversely, when the average valence of nickel in
the nickel oxyhydroxide is low or when the amount of Mn
incorporated in the nickel oxyhydroxide therein is excessively
large, the discharge capacity per gram of the nickel
oxyhydroxide obtained in the first plateau region might be
less than 220 mAh. In this case, the discharge capacity of
the nickel oxyhydroxide will be insufficient, and therefore a
high capacity battery cannot be obtained.

[0030]

When a nickel oxide of high oxidation state is



words, a part of the nickel oxyhydroxide conmprising a crystal having
manganese di ssol ved therein and having a (3 type structure contributes to

t he di scharge reaction in the second plateau region of |ow potential.
Accordingly, even during the discharge of _fhe electrolytic manganese
dioxide in the second plateau region, t heldl ectronic conductivity of the
positive electrode material mxture is maintained at a high |level, and
therefore the capacity of the electrolytic nanganese di oxide can be
sufficiently used. Mreover, the incorporation of manganese in the nickel
oxyhydr oxi de al so g%egél§ gnhan es the _hi | pade disgharge erf or mance of

the battery oBCSPH 612 picket a ¢onpfi BFRgIRed (YRat,
havi ng manganese di ssol ved_ therein and having a (3 tyge structure is
prepared by, ft&e Bkehpl oxifde AL bighnPrkertinRIHatee SPRESLBBERE | HY FhRthganese
therein with an oxidizing agent. The nickel hydroxide preferably conprises
crystal s havi 9§sgharggpeeactiaon iy &he[ gegypd Iplatt@h&egpPBf er r ed enbodi nent
of the present invention, the nickel oxyhydroxide conprises a crystal
having a met dl003lher than manganese dissolved therein. Even in a particle
of such nickel oxyhydroxide, nickel oxide of high oxidation state that
contributes to the di scthe gdakedcokphydroxide condeddipbatcaertaip amanmt ow
potential is locally formed. 16 The nickel oxyhydroxi de having a netal
el enent ot her afh&hennhgkeek sxxidies o1 haght oeidaticn sdatechsr dbsgribedratsese
crystals having a P type structure. [0038] The nickel oxyhydroxi de having a
met al el enent paekrents the decrease of the electronic conductivity even in

the second plateau region. Accordingly, the decrease of the

electronic conductivity of the positive electrode material

mixture in the second plateau region is prevented. As a

result, the current collectability from the electrolytic

manganese dioxide is enhanced, offering an alkaline battery

having a higher capacity.

[0032]

When the discharge capacity per gram of the nickel

oxyhydroxide obtained in the second plateau region exceeds 25

mah, however, the discharge capacity in the first plateau

region will be reduced to less than 220 mAh/g. When the

discharge capacity per gram of the nickel oxyhydroxide

obtained in the second plateau region is less than 10 mah, on

the other hand, because the amount of the nickel oxide that

contributes to the discharge reaction in the second plateau

region will be small, the effect of enhancing the current

collectability from the electrolytic manganese oxide will be

small.

[0033]



t han manganese di ssolved therein is prepared by, for exanple, oxidizing
ni ckel hydroxide incorporating a netal other than nanganese therein with an

oxidizing agent. In this case also, it is preferred to use nickel hydroxide
conprising a crystal having a P type stru?iure as a raw material. [0039]
Preferred exanples of the particle shape of the nickel hydroxide include,

but not limted to, spherical shape and oval shape. The tap density of the
ni ckel hydroxide is preferably 2.0 to 2.3 g/cnB. [0040] The ni ckel
hydr oxi de preferably has a BET specific surface area of 5 to 20 n/g.

[ 0041] The concentratiqgngggﬁﬁ% 8§g¥£§§F&£ﬂ#ﬁh%%g8525353%rg%8¥§%1hydrOXide

is preferably 0.2 to 0.5 W% e Vo rage[xu%icle si ze

D50 f th ' l _hyd ide i . b t Mn [0043] Th i ckel
v e 15 pBeEEFLeEY oPinst st e e Aol o) 00 ) £
stirrin ades 0 e reaction_ves i s adde or exa , _pure er
26 the s onos FRNARREELY aAsl REeRrERd by MEmeTasi00.S BRIE; it
smal | anmpunt of reducin agent,i gddeq?tgrthe reaction phase. Mre
oref erably  bBBBPRRGSS TH.Gia MiGkA Lo GErhEdroxhaes, dihe IRRSEROTALIOR: PEd

starting materials for the nickel hydroxide include manganese sul fate, or
any sul fate oMapdaBese in a nickel oxyhydroxide also greatly enhances the

high loaded discharge performance of the battery obtained.
Particularly, a nickel oxyhydroxide comprising a crystal
having a f type structure has the preferable electrical
characteristics as described above, and at the same time, it
is excellent in terms of small volume change during discharge.
[0034]

Even when a metal other than manganese is
incorporated in nickel oxyhydroxide, it is possible to form
nickel oxide of high oxidation state that contributes to the
discharge reaction in the second plateau region. Examples of
the metal, other than manganese, include zinc, cobalt,
aluminum and chromium. Yet, the effect of enhancing the high
loaded discharge performance of the battery is especially
remarkable when manganese is incorporated in nickel
oxyhydroxide.

[0035]

In a preferred embodiment of the present invention,
the nickel oxyhydroxide comprises a crystal having manganese
dissolved therein and having a B type structure. In a particle
of such nickel oxyhydroxide, nickel oxide of high oxidation

state that contributes to the discharge reaction in the second



ot her than manganese, and nickel sulfate. It is to be wunderstood that
nickel nitrate or the |ike can be used instead of nickel sulfate and that
manganese nitrate or the |like can be used instead of manganese sul fate.

Al so, instead of a sulfate of a netal oth t han manganese, any nitrate or
the like of a netal other than nanganese Can be used. [0045] The
preparation procedure of the nickel oxyhydroxide conprising a crystal
havi ng manganese di ssol ved therein and having a P type structure will be
described below. It should be noted that the nethod descri bed bel ow can be

applied to the reparation the n X h S crystal
navi g a et aPLBRERBRTEGAAth o ASK REREEFal S A O RErE s Thy o BBEF e ng
an aqueous solutlon of e suI L mnth an a uepus solutl of
other metal sY¥PEFASfod4 %%P%%gygingFﬁ ?% %%Qigf geoFo?B 1% qﬁ%ﬁ_ i de
18 includes a_step of feeding, for_exanple, an ueous solution of nickel
sul fate (I1), hawibguear@anese dis ﬁoéve%%ﬂss’e a—"’guhﬁbfﬁ%g(?l ,£¥0e aqueous

sol ution of sodium hydroxide and aqueous_anmmobnia into a react i on vessel ,

fol | owed by sEtFBFRETe\FRNEIhMteeatRi Be tHesqharge tRractiaRt idnthpacond
certain level. This step allows the nuclei of the nickel hydroxide to be
preci pi t at ed phatﬁéurqurmfpﬁ&yepahant% t BCgPBHH-NIISHh $ETe ALIrjngt hlae
resulting particles are heated in another aqueous sol ution of sodium

hydr oxi de to Adschargelshitthe @dectrplyhiamanganessadhedide t in vithersedasid owed
by drying to give nickel hydroxide. [0047] The preparation procedure of the
ni ckel oxyhydpdaktedau region, the electronic conductivity of the positive

electrode material mixture is maintained at a high level, and
therefore the capacity of the electrolytic manganese dioxide
can be sufficiently used. Moreover, the incorporation of
manganese in the nickel oxyhydroxide also greatly enhances the
high loaded discharge performance of the battery obtained.
[0036]

The nickel oxyhydroxide comprising a crystal having
manganese dissolved therein and having a P type structure is
prepared by, for example, oxidizing nickel hydroxide
incorporating manganese therein with an oxidizing agent. The
nickel hydroxide preferably comprises crystals having a f type
structure.

[0037]

| In another preferred embodiment of the present
invention, the nickel oxyhydroxide comprises a crystal having
a metal other than manganese dissolved therein. Even in a
particle of such nickel oxyhydroxide, nickel oxide of high
oxidation state that contributes to the discharge reaction in

the second plateau region of low potential is locally formed.



i ncludes a step of introducing, for exanple, the nickel hydroxide into an
aqueous solution of sodium hydroxi de serving as the reaction phase, to

whi ch a sufficient anbunt of an oxidizing agent is added, followed by
stirring. In this step, the nickel hydrox#Qe i s oxidized to give nickel
oxyhydroxi de. [0048] The oxidi zing agent Tor converting the nickel

hydr oxi de into the nickel oxyhydroxide nay be an aqueous solution of sodium
hypochl orite, an aqueous sol ution of potassium peroxydisulfate or a

hydr ogen peroxi de solution. [0049] The particle shape of the nickel

oxyhydr oxi de ries _gdependi.n n.th ickel  hydraxi ef.erabl t he
particles 19 St ﬂécﬁ?gk%’&tﬁ&fﬁfé%%%él&gea quea(rii Sg (e)r£o Lg?ersh ﬁé’d. The
tap density of the nicke] oxyhydroxide i referably.2.1 to . 2. 4 g/lcr.
[0050] The BeTaRgaRrre LTSl SPERCTr SHD Hratarabis, fylEiesh fystals
preferably 10 to 20 n2/g. [0051] The concentration of the sulfate ion
cont ai ned i n baN&ng; @I tYRE IRFIREXIER- i s preferably 0.1 to 0.3 w% [ 0052]
The vol une based _average particle size (D50) of the nickel oxyhydroxide is

preferably 10(P838d pm [0053] The anount of the nmanganese contained in the
ni ckel oxyhydroxide is preferably 0.5 to 10 nolt, nore preferably 2 to 7

molt, relative to the tBieamigkgdnpxphydrxigiecbavipgda RekRhfekamendnoibesd i n

t he ni ckel oxyhydroxi de. Wen the
than manganese dissolved therein is prepared by, for example,

oxidizing nickel hydroxide incorporating a metal other than
manganese therein with an oxidizing agent. In this case also,
it is preferred to use nickel hydroxide comprising a crystal
having a f type structure as a raw material.

[0039]

Preferred examples of the particle shape of the
nickel hydroxide include, but not limited to, spherical shape
and oval shape. The tap density of the nickel hydroxide is
preferably 2.0 to 2.3 g/cm’.

[0040]

The nickel hydroxide preferably has a BET specific
surface area of 5 to 20 m?/g.
f0041]

The concentration of sulfate ion contained in the
nickel hydroxide is preferably 0.2 to 0.5 wt%.

[0042] |

The volume based average particle size (Dsy) of the
nickel hydroxide is preferably 10 to 20 pm.
[0043]

The nickel hydroxide is prepared, for example, in a



manganese amount is less than 0.5 nolt, the discharge capacity in the
second plateau region will be too small. Conversely, when the manganese
anount exceeds 10 nolt, the discharge capacity in the second pl ateau region
will be too large, nmaking the discharge cgpacity in the first plateau
region insufficient. [0054] In the case of using a netal other than
manganese (hereinafter referred to as '"netal M), the anmount of the 20 netal
M contained in the nickel oxyhydroxide is preferably 0.5 to 10 nolt, nore
preferably 2 to 5 nolt, relative to the total amount of the nickel and the

metal M cont ah:asétwnth@sgulc%ﬁhlpgédwww@ﬁ&rlﬁ\aemaa@s ampgninhef the netal
Mis less than nolt, the discharge capacity in the second pl ateau

region will Fsa&e}gowéé 01038V EHAERY £ Wil ATBUEL PrddaaTRER M

exceeds 10 no e d|s arge capacity int second pl at eau reglon\MII
be too | arge, t g Qﬁr% I

I nsufficient. Eggggc?n Fé}% er 3@1@% gﬂ%alg%%%%/v Eelgg[i (reo eé&n%{)erﬁ%gﬁgrgg e
cont ai ns at e r el dp.fr t rQup

consi sting of géﬂgfffl%@ec %%Q%gdﬂ%%?%gn&i Sgagﬁhgée&mr alﬁggacet(%rt met al
oxi des dissolve in avery_s nmount ectrolkyte to forma
hydr oxi de andP Eﬁﬁﬁ dg‘ﬁ&'& pre rab Yre &bbalggc f{ radg% h.’c§‘rL‘Tl‘f5r ing a rare
earth netal elen? %? formed on the surface of the particles of the nickel
oxyhydr oxi de. P?ht8T8%%ting fil m serves to increase the oxygen producing

over-potentlal of he positive electrode. [0056] The nickel oxyhydroxide
conprising a f havi ng

Preferred starting materials for the nickel
hydroxide include manganese sulfate, or any sulfate of a metal
other than manganese, and nickel sulfate. It is to be
understood that nickel nitrate or the 1like caﬁ be used instead
of nickel sulfate and that manganese nitrate or the like can
be used instead of manganese sulfate. Also, instead of a
sulfate of a metal other than manganese, any nitrate or the
like of a metal other than manganese can be used.

[0045]

The preparation procedure of the nickel oxyhydroxide
comprising a crystal having manganese dissolved therein and
having a B type structure will be described below. It should
be noted that the method described below can be applied to the
preparation of the nickel oxyhydroxide comprising a crystal
having a metal element other than manganese dissolved therein
by replacing an aqueous solution of manganese sulfate (II)
with an aqueous solution of other metal salt.

[0046]

The preparation procedure of the nickel hydroxide



manganese di ssolved therein and having a P type structure has a high

equi libriumpotential. As such, the open circuit voltage of the battery is
mai ntained at a relatively high |evel and the self-discharge rate tends to
be large. Thus, the addition of a snmall agpunt of rare earth netal oxide to
21 the positive electrode material mxture leads to a great inprovenent of
storage characteristics of the battery. [0057] The anount of the rare earth
netal oxide is preferably 0.1 to 2 wt% nore preferably 0.5 to0 1.5 wt%
relative to the total amount of the nickel oxyhydroxide, the electrolytic

manganese di OFB &y Eeagéw'dfef@eagﬂ ti ¥&r éﬁr%; 1ied! afNdqh&Sud a1 A

net al oxi de. The pr €sent |nven on Wil specifically descri bed
under st 00d [ﬁé?rﬁﬂﬁﬁe%iss%%t%‘n’&ﬂ??%. e Mpgdeh, BF AR bel ow
aqueous. sol L??@%*%Fép{fﬁf‘ O B e st
sulfate (I11), ﬁqggﬂggq&&&ﬁlgpg_klog aéf%&ﬁ”@é@@%ﬁoxkgilga 3 EQUS. ni a

havi ng certai I"Ohs™ Wer e reaction vessel
el | amount ¥ haTr TR B¢ B bfeékaer a%de““etp RB8" Btihl AF S h
roger s i e ﬁ&%ﬁsa AL b LB e S Batn
the be precipitated in the reaction phase and then to grow.
Subsequently, the resulting particles are heated in another
aqueous solution of sodium hydroxide to remove sulfate ion,
which are then washed with water, followed by drying to give
nickel hydroxide.
[0047]

The preparation procedure of the nickel oxyhydroxide
includes a step of introducing, for example, the nickel
hydroxide into an aqueous solution of sodium hydroxide serving
as the reaction phase, to which a sufficient amount of an
oxidizing agent is added, followed by stirring. In this step,
the nickel hydroxide is oxidized to give nickel oxyhydroxide.
[0048]

The oxidizing agent for converting the nickel
hydroxide into the nickel oxyhydroxide may be an aqueous
solution of sodium hypochlorite, an aqueous solution of
potassium peroxydisulfate or a hydrogen peroxide solution.
[0049]

The particle shape of the nickel oxyhydroxide varies

depending on the nickel hydroxide. Preferably, the particles



22 feeding, the stirring was continued to allow the nuclei of the nickel
hydr oxi de to be precipitated. Then, the nuclei were grown. The resulting
particles were heated in another aqueous solution of sodium hydroxide to
renove sulfate ions, which were then washeal with water, followed by vacuum
drying to give nickel hydroxide "a" having a conposition of

Ni 0. 95Mn0. 05(0OH) 2 [0060] Subsequently, nickel hydroxide "b" having a
conposition of N 0.9szn0.0s(OH) 2 was prepared in the same nanner as above,
except that an aqueous solution of zinc sulfate (Il) was used in stead of
an aqueous sobgt {198 fckEANGRREFEareKidatere (IpheriE@06dt dbakethdpeli.oxrhe "co
containing only nickel for a netal was further prepared in the sanme manner
as above, excepp adhitAAGHROHSCRE] Ubipiy@oxtaaganeseesattditye A.11 koand an
aqueous solution of zinc sulfate (I1) were not used. [0062] Powdered X-ray
diffraction congigpmgt.that all the prepared nickel hydroxides "a" to "c"

conprised crystals having a (3 type structure. The nickel hydroxides "a" to
"c" also had[b?gogollomﬁng physi cal properties: a volune based average
particle size of about 20 pnmi a tap density (after the tapping of 300
times) of about 2.2 g/ 1 g ny §Q§§?f'(: f g€t ; about 10
n2/g. 23 [0063] (Prep§?§$?§% ng I C %I fﬁ%ﬁ?%%?dgf fﬁing%%él hydr oxi de
a Ihan anogﬂ§h9&r&§%hé3f@a%referably 10 to 20 m?/g.
[0051]

The concentration of the sulfate ion contained in
the nickel oxyhydroxide is preferably 0.1 to 0.3 wt%.
[0052]

The volume based average particle size (Dsp) of the
nickel oxyhydroxide is preferably 10 to 20 um.
[0053]

The amount of the manganese contained in the nickel
oxyhydroxide is preferably 0.5 to 10 mol%, more preferably 2
to 7 mol%, relative to the total amount of the nickel and
manganese contained in the nickel oxyhydroxide. When the
manganese amount is less than 0.5 mol%, the discharge capacity
in the second plateau region will be too small. Conversely,
when the manganese amount exceeds 10 mol%, the discharge
capacity in the second plateau region will be too large,
making the discharge capacity in the first plateau region
insufficient.

[0054]
In the case of using a metal other than manganese

(hereinafter referred to as "metal M"), the amount of the



I ntroduced into 1 L of an aqueous sol ution of sodiumhydroxide wth a
concentration of 0.1 nol/L, after which a sufficient anpunt of an aqueous
sol ution of sodium hypochlorite having an effective chlorine concentration
of 10 wt % and serving as an oxidizing agemt was added thereto, followed by
stirring to convert the nickel hydroxide "a" into nickel oxyhydroxide. The
obt ai ned particles were thoroughly washed with water, which were then
vacuum dri ed at 600C for 24 hours to give nickel oxyhydroxide A [0064] The
ni ckel hydroxides "b" and "c" were also put through the sane procedure as

above to progueg mcd‘&{tai%uhmrexed@ﬁcﬁlar&yﬁ areR68¢ e Bk a1y . 5

diffraction confirnmed that all the prepared nlckel oxyhydr oxi des to C

conpri sed cryst 8 Snd¥, bred pPet¥pso BY 131G molkE ﬂexés@iv@xwy&réwo&%i Ato
C also had the follomnng physical properties: a volune based average

particle si Z,gm%n@b&“tx?eo tiicRel 8ndoEhdGitid1y M @bhehihdg iﬁpﬁié‘%ﬁke:‘ioo

tinmes) of a 3 g/cnB; and a BET specific surface area of about

e/, [0066] 2l BEghS | Ol HRSIdhckscELECLETR AL o 1Y b8P o0)

A positive e m Xt ure powder Wwas prepareé m X1 ng

&:JSE[ °1er$ Ficlar S?i%e%fgc?@g%os% ??dm%‘%x%@‘gﬁaﬁégf?%%‘%ﬁﬂ%%%%ﬁgﬁ e ©
a1 Kal | e el ober brg i CRoRfRE o SRR, Ehe s O ffiedhectd A7

exceeds 10 mol%®, the discharge capacity in the second plateau

region will be too large, making the discharge capacity in the
first plateau region insufficient.
[0055]

Preferably, the positive electrode material mixture
contains at least one rare earth metal oxide selected from the
group ‘consisting of Y03, Er;0;, TmyO;, Yb,0; and Lu,0;. These
rare earth metal oxides dissolve in a very small amount in an
alkaline electrolyte to form a hydroxide aﬁd then deposit. As
a result, a coating film comprising a rare earth metal element
is formed on the surface of the particles of the nickel
oxyhydroxide. This coating film serves to increase the oxygen
producing over-potential of the positive electrode.

[0056]

The nickel oxyhydroxide comprising a crystal having
manganese dissolved therein and having a B type‘structure has
a high equilibrium potential. As such, the open circuit
voltage of the battery is maintained at a relatively high
level and the self-discharge rate tends to be large. Thus,

the addition of a small amount of rare earth metal oxide to



m xer until uniform The resultant was granulated to have a wuniform
particle size. The alkaline electrolyte used here was an aqueous sol ution
of 40 wt % pot assi um hydroxi de. The obtained particles were press-nol ded
into a hollow cylinder to give a positive,glectrode material mxture pellet
A. [0067] The nickel oxyhydroxides B and C were also put through the sane
procedure as above to produce positive electrode material mxture pellets B
and C. [0068] (Production of Nickel-Minganese Battery) AA-sized

ni ckel - mnganese batteries Al, Bi and O were produced using the above

obt ai ned posi tthggfslslfgisw%qed&baéi bt &34 U ke sads f W heat

respectively. Fl a front view, partially in cross section, of a

ni ckel - manga Y40, ]4 G@N+Ra 9§£§20f st eel
sheet and pl a?‘@gg\?\?%&ﬁ c%ﬁgls({\%g(séggsg ég%c%&%%ﬁqéve eF%cf?%de se 1 serving
also as 25 a ﬁgaéggve el ectrode termnal. Inside the positive el ectrode

case 1 was forne graphite coating film2. A plurality of short

cylindrical positive elgctrode natgnﬁﬁllpiﬁgure ellg%i 3w¥ere i nserted
into the positive el ect?PSd&TCRBE 9T T THSIPITE BPERY Frelt®erial mixture

pellets 3 were_presse ain in e positive electraod as so that they
were att ache@rggefﬁ%ﬂf n‘ﬁgr O H%'g'o Ot %P rﬁ%@g grgcf?oﬁe}c%%e 1. Into
the hollow of the positive electrode nmaterjal. m xtur el lets 3. was
inserted a seﬁ&&ﬁ?gﬁ’e 4t ttt?%taat ﬁ‘@°§’é’ba?é1%'e Elc%ﬁi ?ﬁyle%%%;&d% t59& he

i nner surface of the_hollow. Inside_,the_hollow an Lnsulatiqg cap 5 was

pl aced at theeBSFFBﬂ+¥ﬁlc manganese dioxide, the graphite conductive

material and the rare earth metal oxide.
[0058]

The present invention will be specifically described
below with reference to the accompanying drawings, but it
should be understood that the present invention is not limited

to the examples below.

Example 1
[0059]
(Preparation of Nickel Hydroxide)

Constant amounts of an aqueous solution of nickel
sulfate (II), an agueous solution of manganese sulfate (II),
an aqueous solution of sodium hydroxide and agqueous ammonia
having certain concentrations were fed, by a pump, to a
reaction vessel equipped with stirring blades having been
filled with pure water and a small amount of hydrazine, while
the reaction vessel was bubbled with nitrogen gas. During the
feeding thereof, the reaction vessel was continuously stirred

with the pH maintained at a constant level. Even after the



the can case. [0070] Subsequently, an al kaline electrolyte was injected
into the positive electrode case 1 to wet the positive electrode materi al

m xture pellets 3 and the separator 4. After the injection of the

el ectrolyte, a gel negative electrode 6 was filled inside the separator 4.
The gel negative electrode 6 was nmade of sodi um pol yacrylate serving as a
gelling agent, an alkaline electrolyte and a zinc powder serving as a
negative el ectrode active naterial. The alkaline electrolyte was an aqueous
solution of 40 w % pot assi um hydroxide. [0071] Meanwhil e, a sealing nenber

7 made of resifaed@figpreiErstirrifig wes! tot iRIEde o7 al DEP! t18€ thuic IHI0IGE the
cylindrical 26 center part and a peripheral part, the peripheral part had a

groove on thepngdgest ide Rot Be preeysi faidrd med hanedarcial Beeseal i ng
menber 7 was fitted the edge of a bottomplate 8 serving as a negative

el ectrode tergifgh, BHeWReOulbeng A1 TPUBRL et Whe BRLhER BhBbsud Vs

pl aced an i nSul'at ed washer 9.  Imhthe hollow of the center part of

seal i ng marrbe 888\9/;? Tﬂé ncﬁwhgai‘{mfgé‘ TR §610+F€t:[&5jse

col | ector egative electrode current c ect or |ntegrated

Wth the seal aq meger, Jund o5 B g e aifcﬁl%w%'&db togca&ﬁgg@%ﬁg YD 20

descri bed above was 1nserted into negativ ectr ge of
L 0P 00, bR AL, oSk FRErbts b EPog O, o PP
[0060]

Subsequently, nickel hydroxide "b" having a
composition of Nig.es5Zng.05(OH), was prepared in the same manner
as above, except that an aqueous solution of zinc sulfate (II)
was used in stead of an agueous solution of manganese sulfate
(1I1).

[0061]

Nickel hydroxide "c" containing only nickel for a
metal was further prepared in the same manner as above, except
that an aqueous solution of manganese sulfate (II) and an
aqueous solution of zinc sulfate (II) were not used.

[0062]

Powdered X-ray diffraction confirmed that all the
prepared nickel hydroxides “"a” to “"c” comprised crystals
having a B type structure. The nickel hydroxides "a" to "c”
also had the following physical properties:

a volume based average particle size of about 20 um;

a tap density (after the tapping of 300 times) of
about 2.2 g/cm’; and

a BET specific surface area of about 10 m?/g.



t her ebet ween. Thereby, the opening of the positive electrode case 1 was
sealed. Finally, the outer surface of the positive electrode case 1 was
covered with an outer label 11 to give a nickel-nmanganese battery. [0073]
(Production of Mddel Cell) In order to obtggn the electrical characteristics
of only nickel oxyhydroxide for comparison, nodel cells having the sane
structure as the above nickel -manganese batteries were produced. The nickel
oxyhydroxi de A and graphite were mxed in 27 a weight ratio of 92:8 to give
a nodel material mxture powder. To 100 parts by weight of the obtained
nodel materi al dgtgture powder was added 1 part by weight of an al kaline

el ectrol yte, mhlch was then stirred and m xed by a m xer until uniform The

resul t ant mas &%%%Egiﬁgntékrﬁﬂéiéi %&g&?&?&?ﬁﬁéi0|e size. The al kaline

el ectrol yte useé ere was an aqueous utron of 40 mﬁ@bpota53|um

?édrg?i'edi mde °ﬁé?'e??§h r“%rehﬁﬁﬁ %ﬁéesfb%) B o8 PR A g
EOESF Fuct Z&r.”%l:q rESEsho R et 48 aﬁeéﬁéé&ﬁs I 8%?5&#?%?%
oxyhydr oxi de. (FRSBCP) o cBEbL s %7&%‘%‘&”‘*&1@”' "L en

anount of gel ne atlv el ectrode was filled |n node el 0075 The
STokOl oxy by AP OF SR ASRS: SRt AP Cag rod i HYBOth18E ke vl

effective chlorine concentration of 10 wt% and serving as an
oxidizing agent was added thereto, followed by stirring to
convert the nickel hydroxide “a" into nickel oxyhydroxide.
The obtained particles were thoroughly washed with water,
which were then vacuum dried at 60°C for 24 hours to give
nickel oxyhydroxide A.

[0064]

The nickel hydroxides "b" and “c” were also put
through the same procedure as above to produce nickel
oxyhydroxides B and C.

[0065]

Powdered X-ray diffraction confirmed that all the
prepared nickel oxyhydroxides A to C comprised crystals having
a B type structure. The nickel oxyhydroxides A to C also had
the following physical properties:

a volume based average particle size of about 20 um;

a tap density (after the tapping of 300 times) of
about 2.3 g/cm3; and

a BET specific surface area of about 12 m?/g.

[0066]



the sane procedure as above to produce nodel material m xture pellets B and
C, and finally to produce nodel cells B2 and C2. [0076) N ckel |eads for
collecting a current were welded to the positive and negative el ectrode
termnals of each nodel cell. Each nodel z#ll| having an aperture formed on
the bottom of the positive electrode case thereof was imersed in a 28
beaker filled with an aqueous solution of 40 w % potassi um hydroxide. In

t he beaker, an Hg/ HgO el ectrode was also inmmersed as a reference el ectrode.
Thereby, a preparation was nade to nmeasure the potentials of the positive

and negative (epreghcellss off Foad tivdekleetiodesMaiteytal OMiRbGEe Bellea )H/ HJO
el ectrode. Al the nodel cells were restricted by the positive electrode

capacity. The measuring ¢5i&QveoBliattidile ndteriademigehte asowaHicridzed above
all ows the observation of the discharge characteristics of the positive

el ectrode coppehatréd 55{ S X ¥ KEE PY1 gl Alniyabese. apegidé Verrd afildkede
ec

not containing the el rol ytic manganese dioxide). (0077) (Evaluation of

Ni ckel - ManganggenBatdeide A %&,@Ng&agﬁﬁée %%ﬁ{e%%g@e%@wﬁ&f%o Eggds of phhe

initial state nickel-mnganese batteries was conti nuously

di schar ged at1600§£§£§H£Q2§ﬁ#@&to%fghé5o ?ﬁgM%bQEin@te O&ersiE 1 Ng whi ch

t he di scharge capacity asured unti attery voltage reached 0.9

g e oS MRBEBLEUL YR ARLAALT O A 30810 BeTh G w0071

<H gh Loaded nce> the“initi

ni ckel - nangangs g ball e} @ rdlyth? ChadRS£0 e QukYed 268308 Hy &

const ant powe

mixer until uniform. The resultant was granulated to have a
uniform particle size. The alkaline electrolyte used hefe was
an agueous solution of 40 wt% potassium hydroxide. The
obtained particles were press-molded into a hollow cylinder to
give a positive electrode material mixture pellet A.

[0067]

The nickel oxyhydroxides B and C were also put
through the same procedure as above to produce positive
electrode material mixture pellets B and C.

[0068]
(Production of Nickel-Manganese Battery)

AA-sized nickel-manganese batteries Al, Bl and C1
were produced using the above obtained positive electrode
material mixture pellets A, B and C, respectively. FIG. 1 is
a front view, partially in cross section, of a nickel-
manganese battery produced here.

[0069]
A can case made of steel sheet and plated with

nickel was used as a positive electrode case 1 serving also as



Wat 20C, during which the discharge tine was neasured until the battery
vol tage reached an end-of -di scharge voltage of 0.9 V. 29 Table 1 shows the
di scharge capacity at the low |oaded discharge and the discharge tine at
the high | oaded discharge for the initial,sstate nickel -nmanganese batteries
Al to d. They are given in relative terns with those of the

ni ckel - manganese battery O being set at 100. [0079] Table 1 Di scharge
capaci tyDi scharge tinme BatteryN ckel Oxyhydroxideat 45 mA <to 0.9 V>at 1 W
<to 0.9 V> (netal elenent: anount)in relative ternsin relative terns

e R . i e s,
usi ng) ni[ ckel ]%;S‘(?/ y]gr%axsl ?e&?%gt théaélﬂ?% #%gtg?gs?géwﬂis]’?r écé'euﬁlrné-ggsﬁy Jt
B S B

ar ound % 6 V gsw%!r? ARFEThGE gn?ﬂg&?ﬁ s%‘??g?r jver 8LePFERABCHT% K ) ?(yhgdr oxi de

mai nly proceeds,  and the voltage range around 1.2 _V is_a range where the
di schar ge r eaRPPF Bl e q%qg;ppgpypgterlal mixture pellets 3 were pressed

again in the positive electrode case 1 so that they were
attached to the inner surface of the positive electrode case 1.
Into the hollow of the positive electrode material mixture
pellets 3 was inserted a separator 4 such that the separator 4
was in contact with the inner surface of the hollow. Inside
the hollow, an insulating cap 5 was placed at the bottom of

the can case.

[0070]

Subsequently, an alkaline electrolyte was injected
into the positive electrode case 1 to wet the positive
electrode material mixture pellets 3 and the separator 4.
After the injection of the electrolyte, a gel negative
electrode 6 was filled inside the separator 4. The gel
negative electrode 6 was made of sodium polyacrylate serving
as a gelling agent, an alkaline electrolyte and a zinc powder
serving as a negative electrode active material. The alkaline
electrolyte was an aqueous solution of 40 wt% potassium
hydroxide.

[0071]
Meanwhile, a sealing member 7 made of resin was

prepared. The sealing member 7 comprised a short cylindrical



manganese di oxi de mainly proceeds. As evident fromFI G 2, the capacity
differences 30 anong the batteries Al to C are nore significant in the |ow
vol t age-si de regi on where the discharge reaction of electrolytic manganese
di oxi de mainly proceeds than the region wﬂfre t he di scharge reaction of

ni ckel oxyhydroxide mainly proceeds. [0082 (Eval uation of Model Cell) In
order to further contenplate the evaluation results of the nickel -nanganese
batteries, each of the above- obtained nodel cells A2 to C2 was conti nuously
di scharged at a constant current of 45 mA (i.e. 5 mA per gram of the nickel

hydr oxi d | '
Oxyhydr oxi de) e S0Garfl Gng3aSBOMELHAIL DAL Bhe U ¥EMeSIOWANG HAR o

correl ati on between posi ti ectro potentT al

oxyhydr oxi de, STODRSTTH (s CapgetHERRT ERORR, onfiFle FREME oh Bl €. o
col 1 B2 usi ng”t N e S RDEFE, i Tl 8Re SE's sSresol” olRFR,
o the. Hy! och SREEGES 9 ARSI R I BREC e o) S Lop it VARF Fhhe rogi on
capaci Ty in tHEAH IS meBParod ePaor i A hHORIBtEI BCERT RIAGS (kh smmi | or -
than that of the 31 npdel cell A2. Ip contrast,_ the discharge capacity in
t he insulated washer 9. In the hollow of the center gart g% thg

sealing member 7 was inserted a nail-shaped negative electrode

current collector 10.

[0072]

The negative electrode current collector 10

integrated with the sealing member 7, the bottom plate 8 and

the insulated washer 9 as described above was inserted into

the gel negative electrode 6. The edge of the opening of the

positive electrode case 1 was crimped onto the periphery of

the bottom plate 8 with the edge of the sealing member 7

therebetween. Thereby, the opening of the positive electrode

case 1 was sealed. Finally, the outer surface of the positive

electrode case 1 was covered with an outer label 11 to give a

nickel-manganese battery.

[o073]

(Production of Model Cell)

In order to obtain the electrical characteristics of
only nickel oxyhydroxide for comparison, model cells having
- the same structure as the above nickel-manganese batteries

were produced.

The nickel oxyhydroxide A and graphite were mixed in



second pl ateau region of the nodel cell B2 is larger than that of the node
cell A2. [0085] As for the potential curve of the nodel cell C2 wusing the
ni ckel oxyhydroxide C, the discharge capacity in the first plateau region
thereof is the |argest anong the three, bpg the potential curve of the
nodel cell C2 does not have the second plateau region. [0086] Taking the
above evaluation results of the positive electrodes conprising only nickel
oxyhydroxi de into consideration, the behavior shown in FIG 2 during the

| ow | oaded discharge for the nickel-nmanganese batteries Al to C can be

expl ai ned as folboyst F0RYlof \DCBN tBegsPENa fmeHBIFIMatediaihgiRitGke! powder.
oxyhydroxide C is conpletely discharged to about bivalent in the first

pl at eau regi %o féosﬁ%iﬁs e weli ght" 881 Ené WHlUAheY fpael hbferidLhflxture
steeply de

oxyhydr oxi de creaseS in the second region of between +100 and

-400 v rel at h&@d £ A€ 4HdD? gkﬁ@?ﬁ?dﬁei | g eﬁlkgliﬂé.é‘i clRaganese

battery d, e electronic conductivity of the whole positive electrode

mat eri al m xt S J and, u_tegio t, a
Ut 1 crent andRERofet i starr oS, SRR B2 piRdbrthe 8 SRASRH.
electrolytic nganesg, di,oxide that.i ischarged i.n.32.the secand pl ateau
regi on. [OOSS?EThﬁeﬂfg%%ﬁ' é’ea scgﬁgg}l%ﬁg?ﬁ f%g’%vi%r gt h%fl‘g?’é-%up?é%frc%e s?}fzet'he .
ni Chel oxyhydpgx! pc B i YRt S BBl L 35e S8 hdI% $R8"ah She bl sirudior’ 3 11

t he ni ckel - mangsn@
40 wt% potassium hydroxide. The obtained particles were

press-molded into a hollow cylinder to give a model material
mixture pellet A.
[0074]

A model cell A2 having the same structure as the AA-
sized alkaline battery shown in FIG. 1 was constructed in the
same manner as previously described except that the model
material mixture pellet A was used. The amount of nickel
oxyhydroxide (NiOOH) contained in the model cell was 9.0 g. A
sufficient amount of gel negative electrode was filled in the
model cell.

[0075]

The nickel oxyhydroxides B and C were put through
the same procedure as above to produce model material mixture
pellets B and C, and finally to produce model cells B2 and C2.
[0076]

Nickel leads for collecting a current were welded to
the positive and negative electrode terminals of each model
cell. Each model cell having an aperture formed on the bottom

of the positive electrode case thereof was immersed in a



di scharge capacity in the first plateau region is insufficient. Therefore,
a high capacity battery cannot be obtained. [0089] The di scharge capacity in
the first plateau region of the nickel oxyhydroxide A on the other hand,
is relatively large. Also, the nickel oxyjydroxide A has an appropriate

| evel of residual capacity in the second plateau region. As such, in the

ni ckel - mnganese battery A, the discharge capacity in the first plateau
regi on does not becone insufficient. At the sanme tinme, the positive

el ectrode material m xture can retain high electronic conductivity even in

the second pl Bé&?ﬁ;ﬂﬂa 8 8hOh&uedus WdiutliBRl oMY Nt & PotdisGaPaci ty

can be obtaine e electrolytic mnmanganese dioxide in the second

Pt e’ O CrabgROaL ERTLAY 48050 3nc b o Wbardde S hngfoncl uied
conac iYL o JEFLRE S rsletiech It Adde mLAIR d BUABRCAsoh' S,
SRR o S e R R
dlschar ge Copagite ice (S (Wie alistoLafI A 98 BrLEtberust slon oY
oot on. L0092 oL Laa! ALY DS, DLk el G el oxd oo e gorgl! 1o

positive electrode capacity. Tﬁe measuring device containing

the model cell as described above allows the observation of

the discharge characteristics of the positive electrode

comprising nickel oxyhydroxide alone (i.e. positive electrode

not containing the electrolytic manganese dioxide).

[0077]

(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performancej

Each of the initial state nickel-manganese batteries

Al to Cl was continuously discharged at a constant current of

45 mA (low load) at 20°C, during which the discharge capacity

was measured until the battery voltage reached 0.9 V. The

discharge curves obtained from this are shown in FIG. 2.

[0078]

<High Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries

Al to Cl1l was continuously discharged at a constant power of 1

W at 20°C, during which the discharge time was measured until

the battery voltage reached an end-of-discharge voltage of 0.9

V.



to 10 nolt, which is quite a broad range, have specificity. They offered
preferable potential curves simlar to that of the nodel cell A2. [0093]
Tabl e 1 shows that the nickel-nmanganese battery Al using the nickel
oxyhydroxi de A that incorporates manganese29therein has extrenely excell ent
hi gh | oaded di scharge performance. Presumably, this is because when
manganese is incorporated in the crystals of nickel oxyhydroxide, the

ni ckel oxide of high oxidation state locally forned in the nickel
oxyhydroxi de has excellent proton diffusibility and excellent electronic

conductivity as conpareghjie t1henhewsethaelsehardel tapasite! #eiHe ek as zinc
I's incorporated. From this, it can be concluded that the nickel

oxyhydr oxi de ;HR§08 P@{ i 1L BAGARRS Eaf S Aige hImaDEE enEchigntiddqua the
standpoi nt of the inprovenent of high |oaded discharge perfornmance . 34
Exanpl e 2 [OaﬁéLhafgée@ﬁf a&ﬂeoanafti&&cé@étmrc%udﬁangaﬁeéglﬁmme@ gisel
hydroxi des were prepared in the sane manner as Exanple 1 except that the
amount ratio Qst&@?nmaggggaeg Serfoi'dﬂfef(ilaltg%entgﬁﬁé; vl Al b £Ad an

aqueous sol utron of "nahganes ul fate were changed: ni ckel hydroxide

"d" having a it of | +NL K hydr oxi de "e" having
a corrposi-tionﬁggﬁgﬁli%%% neifebgl(a%s%%yhg%gg)én@éethbgr g)é?de "f" having a
conposition of[ogliﬁ] 91Mn0.09 (OH) 2

Table 1
Discharge capacity Discharge time
Battery (mZigteilzﬁzgz?rgzigﬁt) at 45 mA <to 0.9 V) at 1 W <to 0.9 V»
) in relative terms in relative terms
Nickel Oxyhydroxide A
Al (Mn: 5 mol%) 108 110
Nickel Oxyhydroxide B
Bl (Zn: 5 mol$) 101 100
c1 Nickel Oxyhydroxide C 100 100
{None) (Reference value) (Reference value)
[0080]

Table 1 demonstrates that the nickel-manganese
battery Al using nickel oxyhydroxide that has a f type crystal
structure and incorporates manganese therein (i.e. nickel
oxyhydroxide A) has excellent characteristics in terms of both
low loaded discharge and high loaded discharge.

[0081]

In the discharge curves of FIG. 2, the voltage range
around 1.6 V is a range where the discharge reaction of nickel
oxyhydroxide mainly proceeds, and the voltage range around 1.2
V is a range where the discharge reaction of electrolytic
manganese dioxide mainly proceeds.

As evident from FIG. 2, the capacity differences



[ 0095] Subsequently, the follow ng nickel hydroxides were prepared in the
sane manner as above except that an aqueous solution of zinc sulfate (I1)
was used instead of an aqueous solution of nmanganese sulfate (11): nickel
hydroxide 'g" having a conposition of Nio.gy Zno.03 (OH) 2 ; nickel
hydroxi de "h" having a conposition of N 0.94Zno. 06(0OH) 2; and ni ckel
hydroxide '"i" having a conposition of N 0.91Zno.09 (OH) 2 [0096] 35
Subsequently, the follow ng nickel hydroxides were prepared in the sane
manner as above except that the conbination of an aqueous solution of zinc

sulfate () < SdpBlemeMa Ay uh| 98 £f LAbH-oUIRL 81085 Uapdldiaogad of

an aqueous solUu A of  manganese su r oxr de avi ng
a conposition_of N o.96Znq. q3Coo, 0ol( AL | _h xide."k" having a
conposi tion o?'°$qf89§3%ﬁ%‘? o%eég‘ Poff‘@fﬁZ&’_%n Srﬁ@’ca% ﬁ?égf‘)goz?%eofl " having a
T ar aFPESECEs ciRath Hhefiod SR sl BH0Eess CLY i gl
crystals havipg a P type structure., The njicke ydroxi des d" to "I" also
had the foll owgaepm%i@aﬁc g5eFepeEion %l”dﬁi‘ S CEIDEIEE e A e size
of about 20 Mm a éap density (after the tapping of 300 tines) of
proceeds.

[o082]
(Evaluation of Model Cell)

In order to further contemplate the evaluation
results of the nickel-manganese batteries, each of the above-
obtained model cells A2 to C2 was continuously discharged at a
constant current of 45 mA (i.e. 5 mA per gram of the nickel
oxyhydroxide) at 20°C. FIG. 3 shows the potential curves
showing the correlation between the positive electrode
potential relative to that of the Hg/HgO electrode and the
diSCharge capacity per gram of the nickel oxyhydroxide.

[0083]

It is observed, in FIG. 3, that the potential curve
of the model cell A2 using the nickel oxyhydroxide A and that
of the model cell B2 using the nickel oxyhydroxide B have two
plateau regions. A first plateau region is observed in the
region between +500 and +100 mV relative to the Hg/HgO
electrode. A second plateau region is observed in the region
between +100 and -400 mV relative to the same.

[00B4]
However, the discharge capacity in the first plateau

region of the model cell B2 is much smaller than that of the



about 2.2 g/cnB; and a BET specific surface area of about 10 nR/g. (0098]
(Preparation of Nickel Oxyhydroxide) The nickel hydroxides "d" to "1" were
oxidized in the sanme manner as Exanple 1 to prepare ni ckel oxyhydroxides D
to L. Powdered X-ray diffraction confirmed,jhat all the 36 prepared nickel
oxyhydroxides Dto L conprised crystals having a P type structure. The

ni ckel oxyhydroxides Dto L also had the follow ng physical properties: a
vol une based average particle size of about 20 Eun; a tap density (after
the tapping of 300 tinmes) of about 2.3 g/cnB; and a BET specific surface

area of about _1 / [,0099 Pr.oduct i oft.Pasitive Electrode teria

M xture Pell e{"?éﬁgg??ﬂ/el&g‘l e%?r%?fétrrﬁt%er |'Q'§F %rfﬁ%ﬁ#egepeqalp&cg'ttﬁ t8 Eﬁewer e
produced in the sa nner as Exanple 1 exgcept at..the . nickel

oxyhydr oxi des SBFPBI | PAR e FEF10P02 o‘?he (T &eﬁgng%f 1R tRge g &2at
Battery) AA-sized nickel-manganese batteries DL to L1 were produced in the
sane nmanner anEﬁaﬁﬁWEkﬁ- #2that t he produced positive el ectrode
material m xture gellets Dto L were used. [0101] (Production of Mbde

Cell) In ordef0P85dbtain the electrical characteristics of only nickel

oxyhydr oxi de for conparison, nodel cells having
As for the potential curve of the model cell C2

using the nickel oxyhydroxide C, the discharge capacity in the
first plateau region thereof is the largest among the three,
but the potential curve of the model cell C2 does not have the
second plateau region.

[0086]

Taking the above evaluation results of the positive
electrodes comprising only nickel oxyhydroxide into
consideration, the behavior shown in FIG. 2 during the low
loaded discharge for the nickel-manganese batteries Al to Cl
can be explained as follows.

[0087]

As can be seen from FIG. 3, the nickel oxyhydroxide
C is completely discharged to about bivalent in the first
plateau region. As such, the electronic conductivity of the
nickel oxyhydroxide C steeply decreases in the second region
of between +100 and -400 mV relative to the Hg/HgO electrode.
Likewise, in the nickel-manganese battexry Cl, the electronic
conductivity of thg whole positive electrode material mixture
decreases in the second plateau region. As a result, a
sufficient amount of the capacity is unlikely to be obtained

from the electrolytic manganese dioxide that is discharged in



the sane structure as the nodel cells of Exanple 1 were produced.
Specifically, each of the nickel oxyhydroxides and graphite were mxed in a
wei ght ratio of 92:B, which was then put through the same procedure as
Exanple 1 to give nodel 37 material nixtur§arnﬂ lets Dto L. Then, nodel
cells D2 to L2 identical to those of Exanple 1 were assenbl ed using the
above- obt ai ned nodel material mxture pellets Dto L. Simlar to Exanple 1,
measuri ng devi ces were assenbl ed using the obtained nodel cells to observe
t he di scharge characteristics of the positive electrodes. [0102]

(Eval uation of ngggg I h e nodel cells D2 to L2 were

conti nuously I'SC é?%ﬁ?léfggﬁcﬁﬁ %ééh current of 45 mA (i.e. 5 mA per gram
of the nickel O droxi de) at 20C, during which the discharge capacity in
the first pla{eau egi on of between +500 and +100 nV relative to the Hg/ HgO

Celative to the samo PeoRBARE 'caéﬁe?%‘itéfi%?gh%ﬁfef’l? Yepbiopraton’ 0
I I b d h
Curves of 1 heohuih rreiIh%@S prebfeiiie i 13" Trbinenatf 19,00 tRorenn Eom

contained in the nickel hydrOX|de I, S ncr eased, di sch rge capacity
g 4

inthe first Hfétedu P‘%g?‘b NG é'-hemnéﬁ B f'é?ﬁqaé'fesreeé ﬁ?réfeg eas®® and t hat

in the second plateau region (i.e. otentlal %9 increased, 38

[0104] Tabl e @iffRa&d G%?ﬁ§ﬂ¢8k?ﬂeﬁh§c iPRaigelinapEEigient.

Therefore, a high capacity battery cannot be obtained.
[0089]

The discharge capacity in the first plateau region
of the nickel oxyhydroxide A, on the other hand, is relatively
large. Also, the nickel oxyhydroxide A has an appropriate
level of residual capacity in the second plateau region. As
such, in the nickel-manganese battery Al, the discharge
capacity in the first plateau region does not become
insufficient; At the same time, the positive electrode
material mixture can retain high electronic conductivity even
in the second plateau region. Therefore, a sufficient amount
of the capacity can be obtained from the electrolytic
manganese dioxide in the second plateau region.

[0090]

From the reasons stated above, it can be concluded
that the nickel-manganese battery Al offered the highest
discharge capacity. As described above, according to the
present invention, it is possible to efficiently produce a
higher capacity alkaline battery.

[0091]



Battery(nmetal element: anpunt)in first plateauin second plateau region
(mAh/ g)regi on (mAh/g) D2N ckel Oxyhydroxi de D24513 (ivn: 3 nolt) E2N ckel
Oxyhydr oxi de E23617 (Mh: 6 nolt) F2N ckel Oxyhydroxide F22820 (Mh: 9 nolt)
&Ni ckel Oxyhydroxi de G22722 (Zn: 3 nolt) 4N ckel Oxyhydroxide H21928 (Zn
6 nolt) 12N ckel Oxyhydroxide 121232 (Zn: 9 nolt) J2N ckel Oxyhydroxide
J23023 (Zn: 3 nolt, Co: 1 nolt) R2N ckel Oxyhydroxi de K21927 (Zn: 6 nolt,
Cc: 1 nolt) L2Ni ckel Oxyhydroxide L21430 (Zn: 9 nolt, Co: 1 nolt) First

pl at eau region ranging from+500 to +100 nv Second plateau regi on ranging

f 100 -400 nVv f
ngg;g EXSEgarge PerfoE%%%?éggE @té@%ddﬁ%go RP%%a ate nligé - ganes;LOW
e boe auehBatint RN HRURHE Xidier %@gﬁ:@&ﬁe%%ﬂ;&u ﬁ%r Myl 45

mA at 20C, du rge capaci was — neasur
battery vol tage, r€aci‘aetdea% %e\g’;loko%gé eas Hrd d193HSHE SEELAS, TRId %”%’P,%” -

nickel oxide of high oxidation state locally formed by

incorporation of a different element is obtained in the second
region.
[0092]

Particularly, the nickel oxyhydroxides incorporating-
manganese as a different element therein in an amount of 0.5
to 10 mol%, which is quite a broad range, have specificity.
They offered preferable potential curves similar to that of
the model cell A2.

[0093]

Table 1 shows that the nickel-manganese battery Al
using the nickel oxyhydroxide A that incorporates manganese
therein has extremely excellent high loaded discharge
performance. Presumably, this is because when manganese is
incorporated in the crystals of nickel oxyhydroxide, the
nickel oxide of high oxidation state locally formed in the
nickel oxyhydroxidé has excellent proton diffusibility and
excellent electronic conductivity as compared to the case
where a different element such as zinc is incorporated. From
this, it can be concluded that the nickel oxyhydroxide
incorporating manganese therein is most excellent from the
standpoint of the improvement of high loaded discharge

performance.



Each of the initial state nickel-nmanganese batteries Dl to L1 was
continuously discharged at a constant power of 1 Wat 20C, during which the
di scharge tine was neasured until 39 the battery voltage reached an

end- of - di scharge voltage of 0.9 V. [0107]z4Table 3 shows the discharge
capacity at the low | oaded discharge and the discharge tine at the high

| oaded discharge for the initial state nickel-manganese batteries DI to
Li. They are given in relative terms with those of the nickel-manganese
battery C of Exanple 1 being set at 100. [0108] Table 3 Nickel
Oxyhydr oxi deDi scharge capacityDi scharge tine Battery(netal denent: anount)at
at 1 W<to 0.9 V> 45 mA <to 0.9 V> in relative tensin relative terns

D Ni ckel CthgiggfngZEn08109 (Mh: 3 nolt) ElI N ckel Oxyhydroxide E107110
(M: 6 nolt) Nckel Oxyhydroxi de F106109 (wvn: 9 nolt) d Nicke

Oxyhydr oxi de 4P0 (Zn: 3 nolt) H Nickel Oxyhydroxide H9998 (Zn: 6 nolt)

| INi ckel Oxyhydroxlde 19898 (En: 9 nolt)

(Preparation of Nickel Hydroxide)

The following nickel hydroxides were prepared in the
same manner as Example 1 except that the amount ratio between
an aqueous solution of nickel sulfate (II) and an aqueous
solution of manganese sulfate (II) were changed:

nickel hydroxide “d" having a composition of
Nio.97Mno.03(OH)2:

nickel hydroxide “e” having a composition of
Nig.s4Mno.os(OH)2; and

nickel hydroxide "f" having a composition of
Nio.s:Mno, 09 (OH)>.

[0095]

Subsequently, the following nickel hydroxides were
prepared in the same manner as above except that an aqueous
solution of zinc sulfate (II) was used instead of an aqueous
solution of manganese sulfate (II):

nickel hydroxide “g" having a composition of
Nio.97Zn0.03(OH)2;

nickel hydroxide "h" having a composition of
Nio.s42Zno.06(OH),; and

nickel hydroxide “i” having a composition of
Nio.91ZN0.09 (OH)>.

[0096]



JIN ckel Oxyhydroxide J104100 (Zn: 3 nolt, Co: 1 nolt) KINi ckel Oxyhydroxid
K9999 (Zn: 6 nolt, Co: 1 nolt) LIN ckel Oxyhydroxide L9999 (Zn: 9 nolt, Co:
1 nolt) [0109] Table 2 illustrates that the positive el ectrodes of the
nodel cells D2, E2, F2, & and J2 have a @sscharge capacity of not |ess
than 220 mAh/g in the first plateau region and a di scharge capacity of 10
to 25 mAh/g in the 40 second pl ateau region. Table 3 denonstrates that the
ni ckel - manganese batteries DI, El, FI, GL and JI have an inproved

di scharge capacity at the | ow | oaded di scharge 3 to 8% hi gher than that of

t he ni ckel - manganese bajutRieubht1y 01kl fUlQoiwﬁE?OMEBEé\i 1fardia dedwkpaded

di scharge performance is due to the followng tacts: firstly, the nickel

oxyhydr oxi def%feé?éed:’inGiﬁ@dstQflﬂﬁ{féi' 3 aBBULAPEkaést |l 1@l di scharge

capacity in irst plateau region. Secondly, because the nickel

oxyhydr oxi desﬂ&ﬂbﬁxaiﬁz rCo?Nn) afadodd sARRAGR bt £ih&Val1 Rt 9519Uaha an

capacity in the second plateau “region, the electron conductivities of the
i schar ge of 7ty FiSien, B LMok MNTATE e8! Src AR LB0ehe”
o obt Fonen of S AN, b MRNGENSRS BNt ge L PILL ML the Bosiiive
an insufficient level gfydhSRDALGR 8P biiHE! BOcbRSodida R e
Nio.s6Zn0.03C00.01 (OH)2; |
nickel hydroxide "k” having a composition of
Nio.93Zn0.06C00.01(OH)2; and
nickel hydroxide "1" having a composition of
Nio.902N0.09C00.01(OH) 2.
[0097]
Powdered X-ray diffraction confirmed that all the
prepared nickel hydroxides "d” to "1" comprised crystals
having a B type structure. The nickel hydroxides "d" to "1"
also had the following physical properties:
a volume based average particle size of about 20 um;
a tap density (after the tapping of 300 times) of
about 2.2 g/cm®; and
a BET specific surface area of about 10 m?/g.
[0098]
(Preparation of Nickel Oxyhydroxide)
The nickel hydroxides “"d" to "1" were oxidized in
the same manner as Example 1 to prepare nickel oxyhydroxides D

to L.

Powdered X-ray diffraction confirmed that all the



Because of this, the cells did not achieve higher capacity. [0112) In terns
of high | oaded di scharge performance, a renarkable inprovenent was observed
in the nickel -mnganese batteries D, El and Fl using the nicke
oxyhydroxides D, E and F incorporating n@Bfganese therein. Presumably, the
reason why such difference was created is because the nickel oxides 41 of
hi gh oxi dation state produced by the incorporation of manganese into the
crystals of the nickel oxyhydroxides have excellent proton diffusibility
and excellent electronic conductivity, conpared to the nickel oxides of

hi gh oxi dat i oprepsdrd® rniick@ic estyhydtdei dbisf Detent. ovmptisalldryatals BAGiIRG.
Exanple 3 [0113] Positive electrode naterial mxture pellets M to M/ were

produced in thes sppe BHHREuRE, EXRBPhEcke £ Jﬁﬁﬁiaagnﬁaﬂ@sle AR Haa
an

relative to the total anount of the nickel t he manganese contained in

the ni ckel oxyhy i AG neRphysheadesidperitiese shown in Table 4. [0114]
(Preparation of Nickel Hydroxide) e follow ng nickel hydroxides were

T L Lo RS AT R R L L S0

bet ween an aqueous solution of nicke an aqueous s

oo TN o Sobrh SR PEr PSSO abftey Oy ciqyidae) bavino o
conposition o;bmll\[ 02.%9%390540—0 2;
a BET specific surface area of about 12 m?/g.
[0099]
(Production of Positive Electrode Material Mixture Pellet)

Positive electrode material mixture pellets D to L
were produced in the same manner as Example 1 except that the
nickel oxyhydroxides D to L were used.
fo100]

(Production of Nickel-Manganese Battery)

AA-sized nickel-manganese batteries D1 to L1 were
broduced in the same manner as Example 1 except that the
produced positive electrode material mixture pellets D to L
were used.
fo101]

(Production of Model Cell)

In order to obtain the electrical characteristics of
only nickel oxyhydroxide for comparison, model cells having
the same structure as the model cells of Example 1 were
produced. Specifically, each of the nickel oxyhydroxides and
graphite were mixed in a weight ratio of 92:8, which was then

put through the same procedure as Example 1 to give model



ni ckel hydroxide n8 having a conposition of N o. 99Vnho.01(OH) 2 ; 42 nickel
hydr oxi de m4 having a conposition of N o0.95M0.04 (OH) 2; nickel hydroxide
nb having a conposition of N a.93Mo. 07 (OH) 2; nickel hydroxide n6 having
a conposition of N o0.9Vho.t(OH)2; and ni cXel hydroxide n¥ having a
conposition of N o. 8614110. i2(OH)2 [0116] Powdered X-ray diffraction
confirnmed that all the prepared nickel hydroxides m to nv conprised
crystals having a P type structure. The nickel hydroxides ml to n¥ al so had
the foll owi ng physical properties: a volune based average particle size of
15 to 20 Eun;mateibal deixture pafletstietd dppi Tigenf nd@21t cediy D2 t@.12to0 2.2
g/cnB; and a BET specific surface area of 8 to 12 n2/g. [0117] (Preparation

of Nickel Oxyhaehextar)tolitoseckel ERsmsxidemre assemPle®nasing dhaed in the
sanme manner as Exanple 1 to prepare nickel oxyhydroxides M to M/. Powdered

X-ray diffrachbeve cottfd iy iodal mhtetitd nbapaecfedieke!D ay y.dr oxmitesr M
to M/ conprised crystals having a P type structure. The nickel

oxyhydr oxi desg M gt Qe B! %@a@ﬁglﬁﬁedé@iééy\ﬂvd&ep%§éﬁﬁiedﬂmd itee 43 a
vol ume based aver age particle size of 15 to 20 pnt;
obtained model cells to observe the discharge characteristics
of the positive electrodes.
[0102]
(Evaluation of Model Cell)

Each of the model cells D2 to L2 were continuously
discharged at a constant current of 45 mA (i.e. 5 mA per gram
of the nickel oxyhydroxide) at 20°C, during which the
discharge capacity in the first plateau region of between +500
and +100 mV relative to the Hg/HgO electrode and that in the
second plateau region of between +100 and -400 mV relative to
the same were measured. The results are shown in T;ble 2.
[0103]

Two plateau regions were clearly observed in all the
potential curves of the model cells D2 to L2. As the amount
of the different metal contained in the nickel oxyhydroxide is
increased, the discharge capacity in the first plateau region
(i.e. high potential region) decreased and that in the second

plateau region (i.e. low potential region) increased.



a tap density (after the tapping of 300 tines) of
BET specific surface area of about 10 to 14 nR/g.
Positive El ectrode Materi al

[0118]

2.2 to 2.3 g/cnB; and a
(Production of
M xture Pellet) Positive el ectrode nateri al

m xture pellets ML to M/ were produced i n3g he same manner as Exanple 1

except that the
si zed ni ckel
as Exanple 1 except that the produced positive
(Eval uation of N ckel
<Low Loaded Dpesctayge Performance> Each of the initial
to M/ was continuously discharged at a

pellets M

ni ckel

ni c
- mangane

to M/ wer

- manganese batteries

kel
se batteries M
e used. [0119]

M

oxyhydroxi des ML to M7/ were used. Subsequently,
to M/ were produced in the
el ectrode materi al

AA-
sanme nanner
m Xt ure

constant curreggi®fa 45 mA at 20C, during which the discharge capacity was

- Manganese Battery)
state

measured uptil the hattery voltage reached 0 9 V. [0120] i gh | oaded
Di scharge Perfornmancle> fgagh: Perdxd i al Dischagas  @RaFEHa wgﬁﬁ%ﬁt@s
ML to M/ was Béb?ﬁrﬁ’nuoqﬁ,gyaldé  gegoait)a | EBrSiTaRPIFoSRH of 10 SefpRd pipteau
during which the disicharge tine was neasu Z89i0n: (’F‘Ah/ﬂ_he_b_a_
reached an{endpef - di [scHé ife D0.9 V. 44 J4121] Taple 4 shows the
di scharge ¢apacity at the (Mg 3|md8by discharge and the di
the high | padeg, di sch§?‘6@1fm1’l@’ﬁﬁfiﬁlgel manganesys batter{es M tp7M/. They
are g| ven Lo relativie ter n‘&MQAL FI‘\QD —of lthe nickel rangahese.
Nickel Oxyhydroxlde F
F2 (Mn: 9 molt) 228 20
Nickel Oxyhydroxide G
G2 (zZn: 3 mols) 227 22
Nickel Oxyhydroxide H
H2 (Zn: 6 molt) 219 28
Nickel Oxyhydroxide I
I2 (Zn: 9 molt) 212 32
Nickel Oxyhydroxide J
J2 (Zo: 3 mol%, Co: 1 mols) 230 23
Nickel Oxyhydroxide K
K2 (2n: 6 mol%, Co: 1 mol%) 219 27
12 Nickel Oxyhydroxide L 214 30

(Zn: 9 mol%, Co: 1 mol%)

First plateau region ranging from +500 to +100 mV

Second plateau region ranging from +100 to -400 mV

[0105]

(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries

D1 to L1 was continuously discharged at a constant current of

45 mA at 20°C, during which the discharge capacity was

measured until the battery voltage reached 0.9 V.

[0106]

<High Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries

D1 to Ll was continuously discharged at a constant power of 1

W at 20°C, during which the discharge time was measured until



battery C of Exanple 1 being set at 100. [0122] Table 4 Ni ckel
Oxyhydr oxi deDi scharge capacityDi scharge tinme Battery(netal elenent:
anount)at 45 mA <to 0.9 V>at 1 W<to 0.9 V> in relative ternmsin relative
tens MLN ckel Oxyhydroxide ML101100 (Wh: 032 nolt) MNi ckel Oxyhydroxi de
142105103 (wn: 0.5 nolt) MN ckel Oxyhydroxi de M3106106 (wn: 1 nolt)

MAN ckel Oxyhydroxi de MA108109 (M. 4 nolt) MN ckel Oxyhydroxi de Mb107107
(Mh: 7 nolt) MBN ckel Oxyhydroxide M6105104 (WMh: 10 nolt) M/Nickel
Oxyhydr oxi de M710098 (M1: 12 nolt) Nickel Oxyhydroxi de C100100

C1( None) ( Ref erhacbataérg) (dfagecreachatuan ¢ridzd]-diaslchardei VYblsagates a loat
the effect of higher capacity is obtained at both the | ow | oaded di scharge
and the highyl,oaded di scharge when nanganese is contained in an amount of
0.5 to 10 nolt in the nickel -manganese battery. Exanple 4 [0124] 45
(Production offphipgkel - Manganese Battery)

Table 3 shows the discharge capacity at the low
loaded discharge and the discharge time at the high loaded
discharge for the initial state nickel-manganese batteries D1
to L1. They are given in relative terms with those of the

nickel-manganese battery Cl of Example 1 being set at 100.

[o108]
Table 3
secteny | Mickel ooyszonian | P CoRREEy T Pischee B
in relative terms in relative terms
D1 N T side D 108 109
E1 N ey = F 107 110
F1 Nicke(]!.m i:ry;hyﬁc;x)ide F 106 109
G1 N Ty e ¢ 103 100
H1 Nicke(lZ rﬁx};hﬁix)ide H 99 98
I1 Nicke(lZ If):ryghid;o:)ide I 98 98
| (m 3 mots, Cor 1 mert) 104 100
K1 ( zﬁ:ﬁczehghﬁioﬁiﬁﬁ ) 99 99
L1 | (gm: 5 mots, Cor b molt) 59 99
[0109]

Table 2 illustrates that the positive electrodes of
the model cells D2, E2, F2, G2 and J2 have a discharge
capacity of not less than 220 mih/g in the first plateau

region and a discharge capacity of 10 to 25 mAh/g in the



Ni ckel - manganese batteries P to U identical to the nickel-nmanganese battery
Al of Exanple 1 were produced except that, in the production of the
positive electrode material mxture pellets, the electrolytic manganese

di oxi de, the nickel oxyhydroxide A, graphjge and an oxide additive were
mxed in a weight ratio of 49:45:5:1 to produce positive electrode materi al
m xture powders. The produced ni ckel - manganese batteries P, Q R S, T and
U contained, as the oxide additive, yttrium oxide (Y203), erbium oxide
(Er203), thulium oxide (TnmR2O38), ytterbium oxide (Yb203), |utetium oxide
(Lu2@B) and zEpcoRXi seatemtOregi8aPeeable! ¥- adfksiwtidtes anakti ¢kel niBREADESE

battery V was produced in the same manner as above except that no oxide
vl uat fon.  TREREN e e e O P ST PanaYe (R ntfopell (08" 1
D achar ge Porferrnel ERaISr pr i Ie PR PR R T RL IR |
dur i ng i ch. PRE QS fo SHELRLEREY Mol BABHE O D 101 ory Vol tage

reached 0.9 V i?éi?] 46 <Storage characteristics> The initial-state
nickel-nanganég tteries Pto V were stored for 1 week at 60C

Subsequently, each of them, was_contjnu | v .di schar.ged_at .a constant
current of 45 mA at 20C*® &Hﬂpfﬁb'emﬁ?th°flf§‘%il§¥h3'968g§agb%?l??r%s measur ed

until

performance is due to the following facts: firstly, the nickel
oxyhydroxides D, E, ¥, G and J offered an appropriate level of
discharge capacity in the first plateau region. Secondly,
because the nickel oxyhydroxides D, E, F, G and J had an
appropriate level of residual capacity in the second plateau
region, the electron conductivities of the positive electrode
material mixtures were maintained even during the discharge of
the electrolytic manganese dioxide, which improved the
utilization of the electrolytic manganese dioxide.
[o1l11]
All the positive electrodes of the model cells H2,
I2, K2 and L2, on the other hand, offered an insufficient
level of discharge capacity during the first plateau region.
Because of this, the cells did not achieve higher capacity.
[0112]
In terms of high loaded discharge performance, a
remarkable improvement was observed in the nickel-manganese
"batteries D1, El1 and Fl using the nickel oxyhydroxides D, E
and F incorporating manganese therein. Presumably, the reason

why such difference was created is because the nickel oxides



the battery voltage reached an end-of-di scharge voltage of 0.9 V. [0128]
Table 5 shows the initial discharge capacity at the |ow |oaded di scharge
and the discharge capacity at the |ow |oaded discharge after storage for

t he ni ckel -manganese batteries P to V. Thgy are given in relative terns
with the initial discharge capacity of the nickel-mnganese battery V
being set at 100. [0129] Table 5 Discharge capacity Initial discharge at 45
mA after 1 BatteryN ckel Oxyhydroxi deAdditivecapacity at 45 mA week storage
at inrelative terns60C in relative terns PN ckel Oxyhydroxi de AY20310194

QNi ckel Oxyh o}'q" 1 i hX g%gg{ﬁﬁg%p Ni ckel

Oxyhydr oxi éey§$b§8g§0€g{5%%%<(%;éag%lyﬁ%%%wd?ﬁfgécgﬁgo 4 | C el%fS

Oxyhydr oxi de ' I ' 8 11 ] i dent

fromTable 5 ar, g%%ni{&hﬁgﬁeheg% g?%i%?&fg;rﬁ:‘%%%?: g? éﬁ%@%ﬁ eéa}as/)t/et rium

oxi de, erbi um_gxi t | UM Q%I | i u ' | de and

zi nc oxi de mggéeggﬁ?%i%dé O:ﬁn dﬁ.ﬁgg%%téﬁ.nlt.&béér‘lﬁgg rgggerﬁ%t %%I’(jé orﬁ% ures,
conductivity, compared to the nickel oxides of high oxidation

state produced by the different metals such as Zn and Co.

Example 3
[0113]

Positive electrode material mixture pellets M1 to M7
were produced in the same manner as Example 1 except the
manganese amount relative to the total amount of the nickel
and the manganese contained in the nickel oxyhydroxide was
changed to those shown in Table 4.

[0114]
(Preparation of Nickel H&droxide)

The following nickel hydroxides were prepared in the
same manner as Example 1 except that the amount ratio between
an aqueous solution of nickel sulfate (II) and an agqueous
solution of manganese sulfate (II) were changed:

[0115]

nickel hydroxide ml having a composition of
Nip,o9sMnp. 001 (OH)2;

nickel hydroxide m2 having a composition of
Nig.99sMno. 005 (OH)2;

nickel hydroxide m3 having a composition of

Nig. goMng.o1 (OH)2;



the initial discharge capacities were al nost the sane as that of the

ni ckel - mnganese battery V containing no additive. [0131] In terns of the
di scharge capacity after storing for 1 week at 60C, however, the batteries
Pto Tusing the rare earth netal oxides gge absolutely excellent. It is
considered that the rare earth netal oxide dissolves in a very snal

anount in the alkaline electrolyte to forma hydroxide, and the hydroxide
deposits on the surface of the nickel oxyhydroxide particles to forma
coating film As a result, the oxygen produci ng over-potential of the
posi tive el ectrode s rjipkeeanpliroR b i hah hglh SESCL tIRACEON i S
mnimzed. [0132] The ni ckel oxyhydroxide conprising crystals having a
type structurgy i Lating manganese therein has a high equilibrium
potential. As %ﬁ%ﬁ?”?ﬁgﬁggen circuit voltage of the battery is maintained
at a relatively high | gyglkeanflvat-h8i &€ hs HShar dechibssiEils 40 be |arge.
Accordingly, the addi??on of ?he rére earth ngtal g@%de to the positive
el ectrode mat gei ahem X .is effective particularly when it is necessary
to i nprove thgi%f%¥3dé&gﬂ§facteristics of the battery using a nicke

oxyhydr oxi de conpri si ng. chrLyst i .5¥p [ £ a

i ncor porati ng mnganesgl%%%ﬁelﬂkarggyggnﬁ%ﬁleﬁ [glgéﬁrgg%#lood]uc%% on of

Ni ckel - Mangan selgattégﬁ).Bag%eries WL to WB identical to the

ni ckel - manganes® t i AF2%f Exanple 1 were produced except that, in the

production of the positiyv | ect.rode.material, m xture pellets, _the weight
rati os between the nic%EfﬁﬁQyﬁ§§F8§$@%I%féﬁﬂung a composition ‘of

Nio. gsMno.12(OH)> -
[01l16]

Powdered X-ray diffraction confirmed that all the
prepared nickel hydroxides ml to m7 comprised crystals having
a B type structure. The nickel hydroxides ml to m7 also had
the following physical properties:

a volume based average particle size of 15 to 20 um;

a tap density (after the tapping_of 300 times) of
2.1 to 2.2 g/cm’; and ‘

a BET specific surface area of 8 to 12 m?/g.

[0117]
(Preparation of Nickel Oxyhydroxide)

The.nickel hydroxides ml to m7 were oxidized in the
same manner as Example 1 to prepare nickel oxyhydroxides M1l to
M7.

Powdered X-ray diffraction confirmed that all the
prepared nickel oxyhydroxides M1l to M7 comprised crystals
having a B type structure. The nickel oxyhydroxides M1 to M7

also had the following physical properties:



el ectrol yti c manganese di oxi de shown in Table 6 were used, and 5 parts by
wei ght of a graphite conductive material was mxed wth 95 parts by wei ght
of the total of nickel oxyhydroxide A and the electrolytic nanganese
dioxide to give positive electrode naterigh m xture powders. [0134]

(Eval uation of N ckel -Manganese Battery) <Low Loaded Di scharge Performance>
Each of the initial state nickel-nmanganese batteries W to W8 was
continuously discharged at a constant current of 45 mA at 20C, during which
t he di scharge capacity was neasured until the battery voltage reached 0.9
V. [0135] <Hi gh Loaded, ) r 2t aeRe0kitdeot Md il S s

ni ckel - mnganese batter?g%ﬁﬂ&%[%%sgg ags C nﬁfnuousﬁy é%s?%arged at a%h'
constant power of 1 W atgPGerduiingapbbriidI@aghsngasse3ss Meimas) grasur ed
until the battery voltagéﬁfeéghegyag end-g%-disgkarge vol t age of 5.9 49 V.
[0136] Table h t . sch e capacity at the low | oaded discharge and
t he dischargegf?ng$§%'?ﬁ% 1§ éf"gaded di scharge for the nickel - manganese

i ckel - manganese  batt &P SHPcbampPatiadt AR B R h L0 S A0S

uro 14 ; [0118]

(Production of Positive Electrode Material Mixture Pellet)

Positive electrode material mixture pellets M1 to M7
were produced in the same manner as Example 1 except that the
nickel oxyhydroxides M1 to M7 were used. Subsequently, AA-
sized nickel-manganese batteries M1 to M7 were produced in the
same manner as Example 1 except that the produced positive
electrode material mixture pellets M1l to M7 were used.
[0119]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
Ml to M7 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.
[0120]
<High Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
Ml to M7 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until
the battery voltage reached an end-of-discharge voltage of 0.9

V.
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Table 4 shows the dischatrge capacity at the low

loaded discharge and the discharge time at the high loaded

discharge for the nickel-manganese batteries M1l to M7. They

are given in relative terms with those of the nickel-manganese

battery Cl of Example 1 being set at 100.

[0122]
Table 4
Battary | Nickel ommyeraxtde | 0TS (RN G T Ceo 005 W
in relative terms in relative terms
M1 AR vinG o bebervadin 101 100
M2 N oy 105 103
M3 e i ooy - 2 106 106
M4 ARGt 108 109
M5 Nicke](.MnO::cyl;ygz;::;.de M5 107 107
M6 AR i 105 104
M7 Nicke(an C:x;;hzyd;oolg:.)de M7 100 98
c1 Nickel Oxyhydroxide C 100 100
(None) (Reference value) (Reference value)
[0123]

Table 4 illustrates that the effect of higher

capacity is obtained at both the low loaded discharge and the

high loaded discharge when manganese is contained in an amount

of 0.5 to 10 mol% in the nickel-manganese battery.

Example 4

[0124]
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(Production of Nickel-Manganese Battery)

Nickel-manganese batteries P to U identical to the
nickel-manganese battery Al of Example 1 were produced except
that, in the production of the positive electrode material
mixture pellets, the electrolytic manganese dioxide, the
nickel oxyhydroxide A, graphite and an oxide additive were
mixed in a weight ratio of 49:45:5:1 to produce positive
electrode material mixture powders. The produced nickel-
manganese batteries P, Q, R, S, T and U contained, as the
oxide additive, yttrium oxide (Y,0:), erbium oxide (Er.0;),.
thulium oxide (Tm,0;), ytterbium oxide (Yby0;), lutetium oxide
(Luy0;) and zinc oxide (ZnO), respectively. Meanwhile, a
nickel-manganese battery V was produced in the same manner as
above except that no oxide additive was added.

[0125]

The obtained batteries P to V were put through an
evaluation. Then, the effect produced by the addition of the
oxides was examined.

[0126]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)>

Each of the initial-state nickel-manganese batteries
P to V was continuously discharged at a constant current of 45
mA at 20°C, during which the discharge capacity was measured
until the battery voltage reached 0.9 V.

[0127]
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{Storage characteristics>

were stored for 1 week at 60°C.
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The initial-state nickel-manganese batteries P to V

Subsequently, each of them

was continuously discharged at a constant current of 45 mA at

20°C, Quring which the discharge capacity was measured until

the battery voltage reached an end-of-discharge voltage of 0.9

V.

[0128]

Table 5 shows the initial discharge capacity at the

low loaded discharge and the discharge capacity at the low

loaded discharge after storage for the nickel-manganese

batteries P to V. They are given in relative terms with the

initial discharge capacity of the nickel-manganese battery V

being set at 100.

[0129]
Table 5
Discharge capacity
Initial discharge | at 45 mA after 1
Battery Nickel Oxyhydroxide Additive | capacity at 45 mA | week storage at
in relative terms | 60*C in relative
terms
P Nickel Oxyhydroxide A Y0, 101 94
o) Nickel Oxyhydroxide A Er,0; 101 95
R Nickel Oxyhydroxide A Tm,04 100 95
S Nickel Oxyhydroxide A Yb,0, 101 95
T Nickel Oxyhydroxide A Lu,0; 100 94
U Nickel Oxyhydroxide A Zno 100 88
\'/ Nickel Oxyhydroxide A None 100 87

[0130]

It is evident from Table 5 that, even when the rare




51 [0138] As can be seen from Table 6, taking the balance of the battery
characteristics into consideration, preferred anount of the nickel
oxyhydroxide is 10 to 80 wt% relative to the total amount of the nickel
oxyhydroxi de and the electrolytic mangan ﬁﬁ di oxi de, and preferred anount
of the electrolytic manganese dioxide is 20 to 90 ww% relative to the
sane. Exanple 6 [0139] (Production of N ckel-Manganese Battery) Batteries
Xl to X4 identical to the nickel -manganese battery Al of Exanple 1 were
produced except that, in the production of the positive electrode material

m xture pell eLsr trﬂ@ta‘f@'o?ﬁh gagﬁghg%a%lme %ig%gl%%q; Yqede A and the

electrolytic nanganese dIOXI e was anount of the

graphi te condyghiye The h%&kﬁlﬁﬁ{ okl NGue b0l i QDI a0 z&@% ALske!

oxyhydr oxi de {rc ~nmangdnese diox1 The gr i te

duct i terjal to t Tabl e duce th
posi ??véveefﬁsgi%i%oﬂ%eaeﬁaa”ggﬁ?ué’%mp"se . e“?ﬁagﬁr@ad%r@uﬂbmp”’ 55 to
X4 t t |_uat 014q]. _ (Eval f N ckel -
Bat Lory) | <LobPEoHIE- % e '°$»e?$ o W5 CALRCDY L S AT TRRR o

ni ckel - manganese batteri es confi nuously disch ed at a
const ant CgrrEﬁt nlckéi manganese g%% ongafn ng no éﬁéitlve

[0131]

In terms of the discharge capacity after storing for
1 week at 60°C, however, the batteries P to T using the rare
earth metal oxides are absolutely excellent. It is considered
that the rare earth metal oxide dissolves in a very small
amount in the alkaline electrolyte to form a hydroxide, and
the hydroxide deposits on the surface of the nickel
oxyhydroxide particles to form a coating film. As a result,
the oxygen producing over-potential of the positive electrode
is increased, and the self-discharge reaction is minimized.
[0132]

The nickel oxyhydroxide comprising crystals having a
B type structure and incorporating manganese therein has a
high equilibrium potential. As such, the open circuit voltage
of the battery is maintained at a relatively high level and
the self-discharge rate tends to be large. Accordingly, the
addition of the rare earth metal oxide to the positive
electrode material mixture is effective particularly when it
is necessary to improve the storage characteristics of the
battery using a nickel oxyhydroxide comprising crystals having

a B type structure and incorporating manganese therein.



45 mA at 200C, during which the discharge capacity was neasured until the
battery voltage reached 0.9 V. [0141] <H gh Loaded Di scharge Perfornmance>
Each of the initial state nickel-nmanganese batteries Xl to X4 was
continuously discharged at a constant powejgof 1 Wat 20C, during which the
di scharge tine was neasured until the battery voltage reached an

end- of - di scharge voltage of 0.9 V. [0142] Table 7 shows the discharge
capacity at the low | oaded discharge and the discharge tine at the high

| oaded discharge for the nickel-nmanganese batteries XI to X4. They are
given in relative terns wth those of the nickel -nmanganese battery C of
Exanple 1 being set at 100. 53 [0143] m.Il r4 ro > mMmMMONOCcoO 0 ++u mA W

Om Example 5

[0133]
(Production of Nickel-Manganese Battery)

Batteries W1l to W8 identical to the nickel-manganese
battery Al of Example 1 were produced except that, in the
production of the positive electrode material mixture pellets,
the weight ratios between the nickel oxyhydroxide A and
electrolytic manganese dioxide shown in Table 6 were used, and
5 parts by weight of a graphite conductive material was mixed
with 95 parts by weight of the total of nickel oxyhydroxide A
and the electrolytic manganese dioxide to give positive
electrode material mixture powders.

[0134]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
W1l to W8 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.

[0135]
<High Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
Wl to W8 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until

the battery voltage reached an end-of-discharge voltage of 0.9
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Table 6 shows the discharge capacity at the low
loaded discharge and the discharge time at the high loaded
discharge for the nickel-manganese batteries W1 to W8. They
are given in relative terms with those of the nickel-manganese

battery Cl of Example 1 being set at 100.
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[0138]

As can be seen from Table 6, taking the balance of
the battery characteristics into consideration, preferred
amount of the nickel oxyhydroxide is 10 to 80 wt% relative to
the total amount of the nickel oxyhydroxide and the
electrolytic manganese dioxide, and preferred amount of the
electrolytic manganese dioxide is 20 to 90 wt% relative to the

same.

Example 6
[0139]
(Production of Nickel-Manganese Battery)

Batteries X1 to X4 identical to the nickel-manganese
battery Al of Example 1 were produced except that, in the
production of the positive electrode material mixture pellets,
the weight ratio between the nickel oxyhydroxide A and the
electrolytic manganese dioxide was changed to 50:50, and the
amount of the graphite conductive material relative to the
total amount of the nickel oxyhydroxide A, the electrolytic
manganese dioxide and the graphite conductive material was
changed to those shown in Table 7 to produce the positive
electrode material mixture powders. The produced batteries X1
to X4 were put through an evaluation.

[0140]
(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performance)



A1ri Nfld'ri xxxx co N O rl 00 54 [0144] As can be seen from Table 7,
taking the bal ance of the battery characteristics into consideration,
preferred anount of the graphite conductive material is 3 to 10 wt%
relative to the total amount of the nickels2oxyhydroxi de, the electrolytic
manganese di oxi de and the graphite conductive material. Exanple 7 [0145]
(Production of N ckel-Manganese Battery) Batteries Yl to Y5 identical to the
ni ckel - manganese battery Al of Exanple 1 were produced except that, in the
production of the positive electrode material mxture pellets, the

el ectrol yti ¢ manganeseEdchxoflethd himitiiaklektaky hyilrloxd -oanganasd battexrigdi t e
conductive material were mxed in a weight ratio of 49:45:5, to which Y203
was further aidad 04 easasentinuaixiwn dischabbed 8at thecomstant beirngnexgf essed
in w%relative to the total anpbunt of the nickel oxyhydroxide A, the

el ectrol ytic spapaneseodCoxaeeing Whighaghet aisomaltys icspaciryewasl and Y203
to produce positive electrode materi al
measured until the battery voltage reached 0.9 V.
[0141]
<High Loaded Discharge Performance)
Each of the initial state nickel-manganese batteries
X1l to X4 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until
the battery voltage reached an end-of-discharge voltage of 0.9
V.
[0142]
Table 7 shows the discharge capacity at the low
loaded discharge and the discharge time at the high loaded
discharge for the nickel-manganese batteries X1 to X4. They

are given in relative terms with those of the nickel-manganese

battery Cl of Example 1 being set at 100.



m xture powders. The obtained batteries Yl to Y5 were put through an

eval uation. [0146] (Evaluation of Nickel-Mnganese Battery) <Low Loaded

Di scharge Performance> 55 Each of the initial state nickel-nanganese
batteries Y1l to Y5 was continuously disgharged at a constant current of 45
mA at 20C, during which the discharge capacity was neasured until the
battery voltqgﬁ45 ached 0.9 V. [0147) <Storage characteristics> The

ni ckel - manganese batteries Yl to Y5 were stored for 1 week at 60C.
Subsequently, each gf themjwas ofti nuously di scharged at a constant
current of 45 mA at {20C, duti pg|whi ch} t he di scharge capacity was neasured
until the battery vo%t&ge r ¢a¢hed|an~end- of - di scharge voltage of 0.9 V.
[0148) Table 8 showg fHa dils¢har ge %acity at the low |oaded discharge for

ca
t he ni ckel - manganese Eaﬂteﬁies Y1l to'§5. They are given in relative terns
with that of the iniltidaf state gigkglapanganese battery V of Exanple 4 being
set at 100. 56 [0149]% £ Clonel-(o|o 0
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to the total amount of nickel oxyhydroxide,

electrolytic manganese dioxide and graphite
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Table 7

Battery
X1
X2
X3
X4
Cl
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[0144]

As can be seen from Table 7, taking the balance of
the battery characteristics into consideration, preferred
amount of the graphite conductive material is 3 to 10 wt%
relative to the total amount of the nickel oxyhydroxide, the
electrolytic manganese dioxide and the graphite conductive

material.

Example 7
[0145]
(Production of Nickel-Manganese Battery)

Batteries Y1 to Y5 identical to the nickel-manganese
battery Al of Example 1 were produced except that, in the
production of the positive electrode material mixture pellets,
the electrolytic manganese dioxide, the nickel oxyhydroxide A
and the graphite conductive material were mixed in a weight
ratio of 49:45:5, to which Y,0; was further added in an amount
shown in Table 8, the amount being expressed in wt% relative
to the total amount of the nickel oxyhydroxide A, the
electrolytic manganese dioxide, the graphite conductive
material and Y,0; to produce positive electrode material
mixture powders. The obtained batteries Y1 to Y5 were put
through an evaluation.

[0146]
(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performance’
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Each of the initial state nickel-manganese batteries
Y1l to Y5 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.
[0147]
{Storage characteristics)>

The nickel-manganese batteries Y1 to Y5 were stored
for 1 week at 60°C. Subsequently, each of them was
continuously discharged at a constant current of 45 mA at 20°C,
during which the discharge capacity was measured until the
battery voltage reached an end-of-discharge voltage of 0.9 V.
[0148]

Table 8 shows the discharge capacity at the low
loaded discharge for the nickel-manganese batteries Y1 to Y5.
They are given in relative terms with that of the initial

state nickel-manganese battery V of Example 4 being set at 100.
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0O) ri 57 [0150] Table 8 illustrates that, even when Y203 is contained in
an anount of 0.1 to 2 wt%relative to the whole positive electrode materi al
m xture, the storage characteristics alnost the sane as those of the

ni ckel - manganese battery P of Exanple 4 vgere obtained. It is assuned that
simlar result can be obtained with the use of other rare earth netal

oxi des. Although the details are not given here, that has actually been
confirmed. [0151] In the Exanpl es descri bed above, the nickel oxyhydroxides
had a vol unme based average particle size of 15 to 20 Fun, a tap density
(after the tappipgjof 300 tines) of 2.2 to 2.3 g/cnB and a BET specific
surface area of about 10 to 14 n2/g. However, it should be understood that

the present invention flgace MOt 11 a6tFAtediItHE, @yKRYWhEXI O, PONe St AT
t he physical properties just stated above. N ckel oxyhydroxi des having the

physi cal propgpt beSaliddie'd@Nh. 11 08 2 LGS &R VANEE BROUMER doRi4igd i n the
present invention. [0152] Moreover, although Exanpl es given above produced

al kaline baltgileeridyimitetian fdktere. Hell@1Bihgd! EHbtal for s 1R RERBAE

invention is appli e to batteries wt fferént structures suc

button type bajlerlfe A'dndde' 8ERELS DANA Wahganlst "HEEEddPle SR ELEABLL! 1Y

[ 0153]

4 were obtained. It is assumed that similar result can be
obtained with the use of other rare earth metal oxides.
Although the details are not given here, that has actually
been confirmed.

[0151]

In the Examples described above, the nickel
oxyhydroxides had a volume based average particle size of 15
to 20 um, a tap density (after the tapping of 300 times) of
2.2 to 2.3 g/cm® and a BET specific surface area of about 10
to 14 m?/g. However, it should be understood that the present
invention does not require nickel oxyhydroxide powders having
the physical properties just stated above. Nickel
oxyhydroxides having the physical properties different from
those mentioned above can be used in the present invention.
[0152]

Moreover, although Examples given above produced
alkaline batteries having a so-called inside-out structure,
the present invention is applicable to batteries with
different structures such as button type batteries and

prismatic batteries.



As descri bed above, according to the present invention, it is possible to
effectively produce a higher capacity alkaline battery. At the sane tineg,
the i mprovenent of high | oaded di scharge performance can be expected.
Accordi ngly, the industrial inportance theggof is enornobus. The present
invention can be applied to prinmary alkaline batteries, and it is
particularly effective in nickel- manganese batteries. 59 CLAIMS 1. An
al kaline battery conprising a positive electrode, a negative el ectrode and
an alkaline electrolyte, said positive electrode conprising a positive
el ectrode nmat eraastriaxt WpH1G@AbALRLHg ni ckel oxyhydroxide, electrolytic
manganese di oxi de and a graphite conductive naterial, wherein said nickel
oxyhydroxi de ggipsjses a crystal having a i type structure, said crystal
havi ng manganese dissol ved therein, and the anmpbunt of said manganese
contained in said nick X3 | S e O+ goiye f@én e to the
total amount of ni ckelglsan sgixgégaérl}g(g‘ﬁée'se coﬁ?gP%eE in %a;?.i ni z:ﬁkel
oxyhydr oxi de. ; Eﬁ¥3 kad, C | S O0Sl.L 4 el rqode, a
negative el ec Iryﬂé e a(?lﬁd’ Zln'd ggkgg%%gﬁ% egﬁqf%ée%,qvgégi éi:%%%(l iavel'f'}L eeg?r ode
conprising a LLi t.r od i a ixtu I ni Al |
BEBGARY IR RalREL: Shsihit "nd 0 Ok i temens

oxyhydr oxi de, ol'ytr¢ manganeé di"oxi a grdph

mat eri al, whergin mhﬁ dgg r%i | e C risin m xture . of said

ni ckel oxyhyd?gx?%ﬁyeiéké?l 5 8%9 é&?g%H%gFF ecag Be expected.
Accordingly, the industrial importance thereof is enormous.
The present invention can be applied to primary alkaline

batteries, and it is particularly effective in nickel-

manganese batteries.



material is imersed in an aqueous solution containing 40 wt% KOH and a
constant current per gram of said nickel oxyhydroxide of 5 mMAis applied to
said nolded article, the 60 potential of said nolded article has a first

pl ateau region ranging from+500 to +100 g/ relative to an Hg/ HJO el ectrode
and a second pl ateau region ranging from+100 to -400 nv relative to said
Hg/ HgO el ectrode, the discharge capacity per gram of said nickel
oxyhydroxide in said first plateau region is 220 to 250 mAh, and the

di scharge capacity per gramof said nickel oxyhydroxide in said second

pl ateau regi qr.AamMslo to 25 mAh. 3. The al kaline battery in accordance with
claim1l, wherein the anount of said nickel oxyhydroxide is 10 to 80 w%
relative to the total anmount of said nickel oxyhydroxide and said

el ectrol yti c manganese di oxi de contained in said positive electrode

material mxture, and tjhe pgmauRh] fhe ggﬂggﬁ§ echpRiying dEiangse dioxide is
20 to 90 Mt % relative to said total amount. 4. The alkaline battery in

accor dance W dfL.Gl2id8 2o nRERYD 41 AN EnA! 283 Bl lePle1aeRydueY de i s
a cKe |

10 to 80 wt% relative to the tot anount of said ni oxyhydroxi dé and

P oo TenOBATALLOEIE AU o kb ROSRNELR el ol
B amsont b ghteiiad 0l d BiRhsntoo IR ASLLOGRBAEEY,
material is 3e.{eoct]'rool O/iocr %\la%yaxgsé OdJI.or;:%.&eOtagli gn&‘."gﬁhﬂe Scacin%u%:]tive
material,
wherein said nickel oxyhydroxide comprises a crystal
having a pf type structure, said crystal'having manganese
dissolved therein, and
the amount of said manganese contained in said nickel
oxyhydroxide is 0.5 to 10 mol% relative to the total amount of
nickel and said manganese contained in said nickel
oxyhydroxide.
2. An alkaline battery comprising a positive
electrode, a negative electrode and an alkaline electrolyte,
said positive electrode comprising a positive
electrode material mixture containing nickel oxyhydroxide,
electrolytic manganese dioxide and a graphite conductive
material,
wherein, when a molded article comprising a mixture
of said nickel oxyhydroxide and said graphite conductive
material is immersed in an aqueous solution containing 40 wt%
KOH and a constant current per gram of said nickel

oxyhydroxide of 5 mA is applied to said molded article, the



ni ckel oxyhydroxi de, said electrolytic manganese di oxi de and said graphite
conductive material contained in said positive electrode material m xture.
6. The al kaline battery in accordance with claim2, wherein the anmount of
said graphite conductive nmaterial is 3 tgglO W% relative to the total
amount of said nickel oxyhydroxide, said electrolytic manganese di oxi de and
sai d graphite conductive material contained in said positive electrode
material mxture. 7. The alkaline battery in accordance with claim1,
wherein said positive electrode material mxture further contains at |east

one rare ear t;thtB@H@alO@fd%aial RE1&Lh (4T BendE 04 Pe CANS iAlHdtaGuOrey268.
Er 203, TnkC3, 203 and Lu2G3, and the anpunt of said rare earth netal oxide

is 0.1to 2 g;ﬁq{ﬁgﬂo\eﬁ&eot% ;gﬁe@'mga%&a&w% §é‘ié}1“g§‘fﬁ oYLt fud de,

said electr C nganese di oxl ald graphite conductTve material and
said rare earih, '?tsaécg% g?[{at auTxlthggC:fénngahgngaﬁﬁﬁhidb GGG W th
claim?2, wherein said positive e rode rtal mXxture further contains
at | east one r £ r%% tal ﬁ%%g | ect fromthe group consisting of
Y208, Er203, E%V%Yb O?Sﬁﬁng ,es"'%tc%%og unt of said rare earth netal
oxide is 0.1 to 2 m% bgla%ive to the to%al annuq%nqj sai nL%Fei
oxyhydr oxi de, said el &0 §?l|r‘%r%r?(f£ﬁé’§ Y Poki &l s£cf aB‘Pﬂ & conducti ve
material and 5§§ﬁ§é§§£§&%aﬁkhsgféa%ié@% %ﬁateau region is 220 to 250 mah,
and
the discharge capacity per gram of said nickel oxyhydroxide in
said second plateau region is 10 to 25 mAh.
3. The alkaline battery in accordance with claim 1,
wherein the amount of said nickel oxyhydroxide is 10
to 80 wt% relative to the total amount of said nickel
oxyhydroxide and said electrolytic manganese dioxide contained
in said positive electrode material mixture, and the amount of
said electrolytic manganese dioxide is 20 to 90 wt% relative
to said total amount.
4. The alkaline béttery in accordance with claim 2,
wherein the amount of said nickel oxyhydroxide is 10
to 80 wt% relative to the total amount of said nickel
oxyhydroxide and said electrolytic manganese dioxide contained
in said positive electrode material mixture, and the amount of
said electrolytic manganese dioxide is 20 to 90 wt% relative
to said total amount.
5. The alkaline battery in accordance with claim 1,

wherein the amount of said graphite conductive

material is 3 to 10 wt% relative to the total amount of said
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nickel oxyhyd;oxide, said electrolytic manganese dioxide and
said graphite conductive material contained in said positive
electrode material mixture.

6. The alkaline battery in accordance with claim 2,

wherein the amount of said graphite conductive
material is 3 to 10 wt% relative to the total amount of said
nickel oxyhydroxide, said electrolytic manganese dioxide and
said graphite conductive material contained in said positive
electrode material mixture.

7. The alkaline battery in accordance with claim 1,

wherein said positive electrode material mixture
further contains at least one rare earth metal oxide selected .
from the group consisting of Y,0;, Er;0;, Tm;0;, Yb,0; and Lu,0s,
and the amount of said rare earth metal oxide is 0.1 to 2 wt%
relative to the total amount of said nickel oxyhydroxide, said
electrolytic manganese dioxide, said graphite conductive
material and said rare earth metal oxide.

8. The alkaline battery in accordance with claim 2,

wherein said positive electrode material mixture
further contains at least one rare earth metal oxide selected
from the group consisting of ¥,0,;, Er;0;, Tmy0;, Yb,0; and Lu,0,,
the amount of said rare earth metal oxide is 0.1 to 2 wt$
relative to the total amount of said nickel oxyhydroxide, said
electrolytic manganese dioxide, said graphite conductive

material and said rare earth metal oxide.



