1 DESCRI PTION ALKALI NE BATTERY Technical Field [0001] The present
invention relates to an al kaline battery having a positive el ectrode
m xture that contains a nickel oxyhydroxiide and nanganese di oxi de as active
mat eri als. Background Art [0002] Al kaline batteries, such as al kaline
manganese dry batteries, have an inside-out structure in which a
cylindrical positive electrode m xture pellet nade of nanganese dioxide is
placed in a positive electrode case serving as the positive el ectrode
termnal, so as to closely adhere t DRESEGRIRTIONI ve el ectrode case, and a gel
zinc negative electrode is placed in the hollow cavity of the pellet, with
a separat or ALKALIOE:BATTERY0et ween. Wth the recent proliferation of
digital devices, the load electric power of such battery-powered devices
has been grgéchhliygal nEte€bsi ng. Thus, there is a demand for batteries
havi ng excel | ent hi gh-| oaded di scharge performance. For exanple, m xing
ni ckel oxyhydmoowide into the positive electrode m xture has been proposed
in order to inprove high-loaded discharge characteristics (see Patent
Docunent 1). Such battenéeprbayntr eaeshtyohee8lates to an alkaline

battery having a positive electrode mixture that contains a

nickel oxyhydroxide and manganese dioxide as active

materials.

Background Art

[0002]

Alkaline batteries, such as alkaline manganese

dry batteries, have an inside-out structure in which a

cylindrical positive electrode mixture pellet made of

manganese dioxide is placed in a positive electrode case

serving as the positive electrode terminal, so as to

closely adhere to the positive electrode case, and a gel

zinc negative electrode is placed in the hollow cavity of

the pellet, with a separator interposed therebetween. With

the recent proliferation of digital devices, the load

electric power of such battery-powered devices has been

gradually increasing. Thus, there is a demand for

batteries having excellent high-loaded discharge

performance. For example, mixing nickel oxyhydroxide into

the positive electrode mixture has been proposed in order

to improve high-loaded discharge characteristics (see

Patent Document 1). Such batteries have recently been



2 commercialized and widely used. [0003] The nickel oxyhydroxide used in
such alkaline batteries is produced, for exanple, by oxidizing spherical

or egg-like nickel hydroxide that has been, used in al kaline storage
batteries by an oxidizing agent, such as an aqueous solution of sodium
hypochl orite (see Patent Docunment 2). The spherical nickel hydroxide used as
the raw material is of a i3-type having a high bulk density (or tap
density). This is treated with an oxidi zing agent, whereby it is converted

into spheri cglonteda!la 100y Urxivdieid® Rdedlaving a 0-type crystal

structure. Thé) use ofa such ni cke eloike'll}yhy%éroxi de can provide a high-density

positive eleghﬁ?@ﬁé As a result, it becones possible to heighten battery
0

capacity. [0 anwhi |l e, al kaline batteries with nickel oxyhydroxide

i xed into the posi tivengl ErLkeCoR MM S @Y SusBa PLROLESE B kBRI aLNE 1

storage performance is poor 1 n conparison w aline batteries wthout

i ckel h 1.}(?%!' R ]f]da vﬂﬁp ,}1%% {%93 . hi .
'?Ie(r:rp:rat S?Be/s?g% elg'gel'sf -J%'lr;dc ard’g%‘reéd(;'f t he p05|t1?a\r/'gb§{g{: ro%tel%rl‘en%]ice%lse.
Thi | f-di . i j . i ‘ ‘
oxyhydr oxi de e Ay ke ayBidcie Al St Wbl Fd Th RulELR o

reaction of J]%q.ra% %%ﬂt%ﬁéseq{yesaqpto%&yzi% Jég’r{w,l asx.{c%‘) ’a£r§11 tglcﬁ.leous
solution of sodium hypochlorite (see Patent Document 2).
The spherical nickel hydroxide used as the raw material is
of a B-type having a high bulk density (or tap density).
This is treated with an oxidizing agent, whereby it is
converted into spherical nickel oxyhydroxide mainly having
a B-type crystal structure. The use of such nickel
oxyhydroxide can provide a high-density positive electrode.
As a result, it becomes possible to heighten battery
capacity.
[0004]

Meanwhile, alkaline batteries with nickel
oxyhydroxide mixed into the positive electrode mixture have
a problem in that their storage performance is poor in
comparison with alkaline batteries without nickel
oxyhydroxide. Particularly when they are stored at high
temperatures, the self-discharge of the positive electrode
may increase. This self-discharge reaction consists of a
reduction reaction of nickel oxyhydroxide represented by
the formula (1) and an oxidation decomposition reaction of

hydroxide ions represented by the formula (2), and the



3 overall reaction is represented by the fornula (3). NOOH + H20 + e- -
Ni (OH)2 + O+ (1) 40H - 2H2O + 02 + 4e- (2) A4ANIOOH + 2H20 -' 4N (OH) 2 +
02 (3) [0005] Therefore, in order for the battery to maintain its
hi gh-1 oaded di scharge characteristics after storage, the self-discharge
reaction as represented by the formula (3) needs to be suppressed to avoid
the deterioration of the nickel oxyhydroxide. [0006] For exanple, in order
to suppress the self- discharge reaction, the use of a solid solution nickel
oxyhydr oxi de ovechldi mgaz tiwal |isameprte sehtadbyhahebadarmylraogasled (see Pat ent
Docunment 3). In such a solid solution nickel oxyhydroxide including zinc,
t he oxygen-generating NDOGH Vel Hager af~ tHe wubage 4 leHeof fEcones high
t hereby suppressing the reaction of the formula (2). As a result, the
storage perfornmance of4ewen-—thembkal bper briteries wth a ) ckel
oxyhydroxide m xed into the positive electrode mxture can be inproved to
sonme extent. [0007] Asamioohat teghnieuemNi (die),useopf a sqliyd sol ution
ni ckel oxyhydroxi de containing small anmounts of zinc and cobalt (see Patent
Docunent 4) 4godoshe use of a solid solution nickel oxyhydroxide containing
a smal |
Therefore, in order for the battery to maintain
its high-loaded discharge characteristics after storage,
the self-discharge reaction as represented by the formula
(3) needs to be suppressed to avoid the deterioration of
the nickel oxyhydroxide.
[0006]
For example, in order to suppress the self-
discharge reaction, the use of a solid solution nickel
oxyhydroxide including a small amount of zinc has been
proposed (see Patent Document 3). In such a solid solution
nickel oxyhydroxide including zinc, the oxygen-generating
overvoltage at the surface thereof becomes high, thereby
suppressing the reaction of the formula (2). As a result,
the storage performance of even the alkaline batteries with
a nickel oxyhydroxide mixed into the positive electrode
mixture can be improved to some extent.
[0007]
As similar techniques, the use of a solid
solution nickel oxyhydroxide containing small amounts of

zinc and cobalt (see Patent Document 4) and the use of a

solid solution nickel oxyhydroxide containing a small



4 anount of an alkaline earth netal (e.g., calciun) (see Patent Docunent
5) have been proposed. [0008] Also, in order to reduce the self-discharge of
the battery, it has been proposed to i merkse nickel oxyhydroxide, after the
production thereof, in an al kaline aqueous solution such that alkaline
cations are forcedly contained between the |ayers of the nickel
oxyhydroxi de crystal (see Patent Docunent 6). Patent Docunent 1: Japanese
Lai d- Open Patent Publication No. Sho 57-72266 Patent Docunent 2: Japanese
Exam ned Pat @foupiboifc &0 ¢dkdineHgarthgoetalpdeest. .Deakadmm)3: (skfpanese
Lai d- Open Patent Publication No. 2002-75354 Patent Docunent 4: Japanese
Lai d- Open Pafasenpubeeweantod INdave berm @ampesest-ent Docunment 5: Japanese
Lai d- Open Patent Publication No. 2002-289187 Patent Docunent 6: Japanese
Lai d- Open Patl@808Bublicati on No. 2001-325954 Disclosure of the Invention
Probl em That the Invention Is to Solve [0009] However, the use of the
above- menti oned solid Aksp ut imnondereto okgfyee okheleself s§bsehagger of
cont ai ni ng

the battery, it has been proposed to immerse nickel

oxyhydroxide, after the production thereof, in an alkaline

agqueous solution such that alkaline cations are forcedly

contained between the layers of the nickel oxyhydroxide

crystal (see Patent Document 6).

Patent Document 1l: Japanese Laid-Open Patent Publication No.

Sho 57-72266

Patent Document 2: Japanese Examined Patent Publication No.

Hei 4-80513

Patent Document 3: Japanese Laid-Open Patent Publication No.

2002-75354

Patent Document 4: Japanese Laid-Open Patent Publication No.

2002-203546

Patent Document 5: Japanese Laid-Open Patent Publication No.

2002-289187

Patent Document 6: Japanese Laid-Open Patent Publication No.

2001-325954

Disclosure of the Invention

Problem That the Invention Is to Solve

[0009]

However, the use of the above-mentioned solid

solution nickel oxyhydroxides dissolving or containing



5 small anmounts of netal elenents such as zinc, cobalt, and alkaline earth
netal causes the follow ng problens. [0010] 1) A solid solution nickel
oxyhydroxi de including zinc A solid soluts on nickel oxyhydroxide including
zinc is prepared by treating a solid solution nickel hydroxide including
zinc wth an oxidizing agent. The zinc included in the nickel hydroxide has
the effect of suppressing the oxidation of nickel, as is wdely known in
the field of alkaline storage batteries. Thus, the nickel hydroxide

including zi gmall GeSudtanioft me®dldalieaRntys @uchodsdizaindg a@ddlt Saddat
unreact ed nickel hydroxide is likely to remain in the nickel oxyhydroxide.

Hence, in ogdR&altigel Walrtnoxedae daueedl &hel sondiowinde praising zinc, it
is necessary to add a quite excessive oxidizing agent and apply a Iong tinme

treatment thgpete] It is therefore difficult to produce a nicke
oxyhydroxide including zinc wth good productivity. [0011] 2) A solid

sol ution nickel oxyhydfpxadgoiig! s@wgloﬁoﬁféieproﬁyﬁyaréxieéuuemuaiﬁ&el
oxyhydroxi de including cobalt and zinc A solid solution nickel oxyhydroxide

including cghalt, or cobalt and zinc is prepared by treating a solid
sol ution ni ckel hydroxide including cobalt, or cobalt and

A so0lid solution nickel oxyhydroxide including
zinc is prepared by treating a solid solution nickel
hydroxide including zinc with an oxidizing agent. The zinc
included in the nickel hydroxide has the effect of
suppressing the oxidation of nickel, as is widely known in
the field of alkaline storage batteries. Thus, the nickel
hydroxide including zinc is resistant to oxidation by an
oxidizing agent, so that unreacted nickel hydroxide is
likely to remain in the nickel oxyhydroxide. Hence, in
order to fully oxidize the nickel hydroxide including zinc,
it is necessary to add a quite excessive oxidizing agent
and apply a long-time treatment thereto. It is therefore
difficult to produce a nickel oxyhydroxide including zinc
with good productivity.

[0011]

2) A solid solution nickel oxyhydroxide including
cobalt or a solid solution nickel oxyhydroxide including
cobalt and zinc

A so0lid solution nickel oxyhydroxide including
cobalt, or cobalt and zinc is prepared by treating a solid

solution nickel hydroxide including cobalt, or cobalt and



6 zinc wth an oxidizing agent. The cobalt |owers the oxidation reduction
potential of nickel and thereby facilitates the oxidation by the oxidizing
agent, but it may |ower the potential of gthe nickel oxyhydroxide upon

di scharge. That is, the discharge characteristics of the resultant battery
tend to lower. Also, since cobalt is relatively expensive, there is al so
anot her problemin that such nickel oxyhydroxide involves high costs.
[0012] 3) A solid solution nickel oxyhydroxide including an alkaline earth

netal A soliginel Wilt®hahi e%alaieinly dgeritde rRel 8badtanowakkakhae earth
metal is prepared by treating a soli sol ution ni ckel hydroxide including

an al kali ne @afildh ti®halredlicitl ot pteitdiand 0¥ Alckell aHa thHer®pyt hesizing a
ni ckel hydroxide including an alkaline earth netal, since nost sulfates of

al kal i ne ear e 1Bt a% e @HeALKIAaRSYNURYE thel R&HR1123 1Ry ARG 1,0 B¥RE 1 f OF
exanpl e, an aqueous solution of a water-soluble nitrate of an al kali ne

earth metal . phyi § owk§d4hePotet§R10HE @HRY nAGKRI! lbalhydd bk i ddum | | ke,
t her eby nmaking“the operating condition conplicated in “conparison wth the

typical synthegichadgeni cghehydr Oi‘fhgedisgﬂé}:?gr CPBPSC%;%%H!ESGBH Rnget al

i ncluded in the nicKel hydroxide also has t effect of suppressing the

oxidation o ' i er in n |t
QT oult toaraea By R o Mo B anob oB8a%ERLs

relatively expensive, there is also another problem in that
such nickel oxyhydroxide involves high costs.
[o012]

3) A solid solution nickel oxyhydroxide including
an alkaline earth metal

A so0lid solution nickel oxyhydroxide including an
alkaline earth metal is prepared by treating a solid
solution nickel hydroxide including an alkaline earth metal
with an oxidizing agent. First, in synthesizing a nickel
hydroxide including an alkaline earth metal, since most
sulfates of alkaline earth metals are water-insoluble,
there is a need to use, for example, an aqueous solution of
a water-soluble nitrate of an alkaline earth metal. This
requires a step of removing nitrate ions and the 1like,
thereby making the operating condition complicated in
comparison with the typical synthesis of nickel hydroxide.
Further, the alkaline earth metal included in the nickel
hydroxide also has the effect of suppressing the oxidation
of nickel in the same manner as zinc. Hence, it becomes

difficult to heighten the productivity in the oxidation



7 step. Means for Solving the Problem [0013] The present invention rel ates
to an alkaline battery including a positive electrode mxture, a negative
el ectrode, and a separator interposed between the positive electrode

m xture and the negative electrode. The positive electrode m xture includes
a ni ckel oxyhydroxide, manganese dioxide and a conductive agent. (1) The

ni ckel oxyhydroxide includes at | east nanganese di ssolved therein, and the
manganese accounts for 0.5 to 10 % by nole of the total anmount of netal

el ements inclgyded in the nickel oxyhydroxide. (2) The nickel oxyhydroxide
mainly has a Q type crystal structure. (3) The nickel oxyhydroxide has a

vol une- basi s aBaR B ise19i%iZenef P¥dlelp gm [0014] In the alkaline
battery, preferably, the nickel oxyhydroxide has at | east one of the

physi cal prongq@qs of ; (4) a nickel nmean valence of 2.95 to 3.05; (5) a
tap density of 2.15 g/an or nore; and (6) a BET specific surface area of

5t0 20 n2/g. As used ﬁ%eﬁfbsetxﬁelh@entﬂéwé%tre%f %Sahoa&ﬁsl ag density of
a ni ckel oxyhydroxide which has been tapped 300 tines. [001 I'n the

al kal i ne bat tb%raeeryt inS 1Y FehdsNdtivel RE AtTcRle MOKPE LXI d%ébaa‘ﬂv%Od' um

i ons on the surfacé
electrode, and a separator interposed between the positive

electrode mixture and the negative electrode. The positive
electrode mixture includes a nickel oxyhydroxide, manganese
dioxide and a conductive agent. (1) The nickel
oxyhydroxide includes at least manganese dissolved therein,
and the manganese accounts for 0.5 to 10 % by mole of the
total amount of metal elements included in the nickel
oxyhydroxide. (2) The nickel oxyhydroxide mainly has a B-
type crystal structure. (3) The nickel oxyhydroxide has a
volume-basis mean particle size of 8 to 15 um.

[0014]

In the alkaline battery, preferably, the nickel
oxyhydroxide has at least one of the physical properties
of: (4) a nickel mean valence of 2.95 to 3.05; (5) a tap
density of 2.15 g/cm’® or more; and (6) a BET specific
surface area of 5 to 20 m?’/g. As used herein, the tap
density refers to the tap density of a nickel oxyhydroxide
which has been tapped 300 times.

[0015]
In the alkaline battery, it is preferred that

the nickel oxyhydroxide have sodium ions on the surface



8 thereof, and that the sodiumions account for 0.5 to 1 %by weight of
the total of the nickel oxyhydroxide and the sodiumions. [0016] In the
al kaline battery, it is preferred that the nickel oxyhydroxide account for
10 to 80 % by weight of the positive electrode m xture. [0017] In the

al kaline battery, it is preferred that the conductive agent be graphite,
and that the graphite account for 3 to 10 % by weight of the positive

el ectrode m xture. Effects of the Invention [0018] The present invention
can hei ght enthbeeofipaantly thaft ahealskdliume ibalkt acyouhds€opod.i5 o al ectiyode
m xture includes a nickel oxyhydroxide and nmanganese di oxide and i nprove
t he storage wkaghtt efi thiectothar edf thél a6 ckehe oxlyhydriokiideoadd Amesi cal
properties of the nickel oxyhydroxide including nmanganese di ssol ved

t herei n enabkedaulatgasi.ncrease in the productivity of the nickel
oxyhydroxi de. Accordingly, an alkaline battery having excellent
characteristiosisgch as high-loaded discharge characteristics and
reliability can be provided at |ow costs. Brief Description of Draw ngs 9

In the alkaline battery, it is preferred that the
nickel oxyhydroxide account for 10 to 80 % by weight of the
positive electrode mixture.

[0017]

In the alkaline battery, it is preferred that the

conductive agent be graphite, and that the graphite account

for 3 to 10 % by weight of the positive electrode mixture.

Effects of the Invention
[0018]

The present invention can heighten the capacity
of an alkaline battery whose positive electrode mixture
includes a nickel oxyhydroxide and manganese dioxide and
improve the storage characteristics thereof.

Also, the above-mentioned physical properties of
the nickel oxyhydroxide including manganese dissolved
therein enable a large increase in the productivity of the
nickel oxyhydroxide. Accordingly, an alkaline battery
having excellent characteristics such as high-loaded
discharge characteristics and reliability can be provided
at low costs.

Brief Description of Drawings



[0019] [FIG 1] a partially sectional front view of an alkaline battery
according to one enbodi nent of the present invention; and [FIG 2] a graph
showing an X-ray diffraction profile (curved line A) of a nickel hydroxide
including Mh in the formof solid solution and an X-ray diffraction profile
(curved line B) of a nickel hydroxide containing WMh in the form of

eutectic, which are used in an exanple. Best Mdde for Carrying Qut the
Invention [0020] FIG 1 illustrates an al kaline battery according to one
enbodi nent offophe lpresent invention. This alkaline battery includes a
positive electrode mxture 2, a gel negative electrode 3, a separator 4

i nt erposed b¢F®senifiha pasitiiaddyelsecitional Froht &i2vand tdie QMdaliegati ve

el ectrode 3, an electrolyte (not shown), and a positive electrode case 1
accommodat i npattbeye aceopditkt To the padodivent! ot re@e piasenk i s a cylinder
with a bottom and the bottom has a protruded part which protrudes outward
i n the cent eint/Bateoh.; &h@ protruded part serves as the positive el ectrode
termnal. The positive electrode mxture 2 in the shape of a holl ow

cylinder is plFaceda2ijnat beapdsishiowd n® &6l KeedRyCAIFFrhctd oS grofGae i nto
contact with the positive el ectrode 10
(curved line A) of a nickel hydroxide including Mn in the
form of solid solution and an X-ray diffraction profile
(curved line B) of a nickel hydroxide containing Mn in the
form of eutectié, which are used in an example.
Best Mode for Carrying Out the Invention
[0020]

FIG. 1 illustrates an alkaline battery according
to one embodiment of the present invention.

This alkaline battery includes a positive
electrode mixture 2, a gel negative electrode 3, a
separator 4 inte:posed between the positive electrode
mixture 2 and the gel negative electrode 3, an electrolyte
(not shown), and a positive electrode case 1 accommodating
these components.

The positive electrode case 1 is a cylinder with
a bottom, and the bottom has a protruded part which
protrudes outward in the center thereof. The protruded
part serves as the positive electrode terminal.

The positive electrode mixture 2 in the shape of

a hollow cylinder is placed in the positive electrode case

1l so as to come into contact with the positive electrode



case 1. A graphite coating film10 is forned on the inner face of the
positive el ectrode case 1. [0021] The gel negative electrode 3 is placed in
the hollow cavity of the positive electrpgle mxture 2, with the separator
4 interposed therebetween. Al so, the gel negative electrode 3 is insulated
fromthe positive electrode case 1 by an insulating cap 9. A negative

el ectrode current collector 6 is inserted into the gel negative el ectrode
3. The negative electrode current collector 6 is fitted into the central

hole of a reghBes¢al i NOgPAPRELE  chabOhGOMIPhaie Tsi Bormehde tRet hAnHEPEr
face of the negative electrode current collector 6. The bottomplate 7

serves as theaBeUaEi ¥he Fb@@&&@@eeheb%kaab-czga gpeni ng of the positive
el ectrode case 1 is sealed by crinping the open edge of the positive

el ectrode capgpijonto the circunference of the bottomplate 7 with the
edge of the sealing plate 5 therebetween. The outer surface of the positive

el ectrode case 1 is COMS bt AdgaPivOW Bt abed . 1§ 09P2bedNenelgetrol yte
is used to noisten the positive electrode mxture 2 and the separator 4.

The el ectrol y581042BabetgNBCRRUEPLLORREY ckBEMBoRRC M RELRE 3Nt widR ¢HaNPl e
I S an aqueous sol ution containing 40% by wei ght of 11

separator 4 interposed therebetween. Also, the gel

negative electrode 3 is insulated from the positive

electrode case 1 by an insulating cap 9.

A negative electrode current collector 6 is
inserted into the gel negative electrode 3. The negative
electrode current collector 6 is fitted into the central
hole of a resin sealing plate 5. A bottom plate 7 is
welded to the upper face of the negative electrode current
collector 6. The bottom plate 7 serves as the negative
electrode terminal.

The opening of the positive electrode case 1 1is
sealed by crimping the open edge of the positive electrode
case 1 onto the circumference of the bottom plate 7 with
the edge of the sealing plate 5 therebetween. The outer
surface of the positive electrode case 1 is covered with an
outer label 8.

[0022]

The electrolyte is used to moisten fhe positive

electrode mixture 2 and the separator 4. The electrolyte

can be any conventionally known one in the art. An example

is an agqueous solution containing 40% by weight of



pot assi um hydr oxi de. The gel negative el ectrode 3 can be any conventionally
known one in the art. For exanple, an exenplary gel negative electrode is
one conposed of a gelling agent of sodiuf pol yacryl ate, an al kaline

el ectrolyte, and a negative electrode active material of zinc powder. It
shoul d be noted that the alkaline electrolyte used in the gel negative

el ectrode nmay be the sane as or different fromthe abovenenti oned

el ectrolyte. [0023] The positive electrode mxture 2 contains a nickel
oxyhydr oxi depoagganss dydrexide .and a conductive agent. The nickel
oxyhydroxi de used in the present invention includes at |east nmanganese

di ssol ved therein, anthéhisSl BEGHHESE SLEOLRSSe T 9 chdnSpd 0adP % by mol e of
the total anmount of netal el enents contained in the nickel =~ oxyhydroxide.

If the amunboabemﬁa@xaﬂg kPokw@Sonkehan @ne ¥Ry nPbe, ekB@pebfegh of
| nproving the capacity an storage characteristics nmay decrease. If the

amount of nEREARESSyeYeseHdsghiVebr 1Rk 0dkNe saREN corpoRiedK @F aCONt ai ned
in the nickel oxyhydroxi de decreases, so that a sufficient capacity may not

be obtai ned. gk@924l TRant" ¥t dbatiupbihacel1bhe Napkah k@iihydr oxi de s
conposed mai nly of "a high-density O-typé crystal structure. At this tineg,

preferably tRe.Qtt¥RG el Y8hdl alfegative electrode active material of

zinc powder. It should be noted that the alkaline
electrolyte used in the gel negative electrode may be the
same as or different from the abovementioned electrolyte.
[0023]

The positive electrode mixture 2 contains a
nickel oxyhydroxide, manganese dioxide and a conductive
agent. The nickel oxyhydroxide used in the present
invention includes at least manganese dissolved therein,
and this manganese accounts for 0.5 to 10 % by mole of the
total amount of metal elements contained in the nickel
oxyhydroxide. If the amount of manganese is less than
0.5 % by mole, the effect of improving the capacity and
storage characteristics may decrease. If the amount of
manganese exceeds 10 % by mole, the amount of nickel
contained in the nickel oxyhydroxide decreases, so that a
sufficient capacity may not be obtained.

[0024]

The crystal structure of the nickel oxyhydroxide

is composed mainly of a high-density B-type crystal

structure. At this time, preferably the B-type crystal



structure accounts for 90% or nore of the crystal structure of the nickel
oxyhydroxide. If the content of O-type <crystal is less than 90% the bulk
density or tap density of the nickel oxyhydroxide decreases, thereby
resulting in a decrease in the density at which the nickel oxyhydroxide is
filled into a case having a predeterm ned volunme. [0025] The vol une-basis
mean particle size of the nickel oxyhydroxide is 8 to 15 um If the nean
particle size of the nickel oxyhydroxide is less than 8 um or if the nean
particl e sizetracgueat accohatslioamookherdegiee oif thencagi tahelswetidture
particles of the positive electrode mxture lowers, which may result in a

| ar ge decreas€ itheCapakelly otfbRdrokadage. Ifhenef e6etembesrt Petgpekel
oxyhydroxi de has a nean particle size of 8 to 15 um the battery capacity

i nproves andcihetael isdeesepahiahi 903Qf thide bail&kk deneX Ry drotiape JdasHiagses,
thereby making it possible to significantly inprove the storage perfornmance

of the battefythkO826kekubkptydraxidesdeichedsabQVenepdy de@@lting in
characteristic of the present invention is that the nickel oxyhydroxide

includes at heastreaBganaseéndi gsakVed bhRekBieh tAS AicRsUl bx9hydiroxaere!
research of various nickel hydroxides and ni ckel oxyhydroxi des, the present
inventors 13js filled into a case having a predetermined volume.

[0025]

The volume-basis mean particle size of the nickel
oxyhydroxide is 8 to 15 um. If the mean particle size of
the nickel oxyhydroxide is less than 8 um, or if the mean
particle size is greater than 15 um, the degree of contact
between particles of the positive electrode mixture lowers,
which may result in a large decrease in capacity upon
storage.

Therefore, when the nickel oxyhydroxide has a
mean particle size of 8 to 15 um, the battery capacity
improves and the self-decomposition of the nickel
oxyhydroxide decreases, thereby making it possible to
significantly improve the storage performance of the
battery.

[0026]

Further, as described above, one large
characteristic of the present invention is that the nickel
oxyhydroxide includes at least manganese dissolved therein.

As a result of diligent research of various nickel

hydroxides and nickel oxyhydroxides, the present inventors



have found that a nickel hydroxide including at |least a suitable anmunt of
manganese di ssol ved therein can be very easily oxidized chemcally by using
an oxidi zing agent. [0027] Also, since th® nickel oxyhydroxide includes
manganese, the electronic conductivity of the nickel oxyhydroxide is
mai nt ai ned hi gh. Thus, even when the manganese di oxi de di scharges after the
di scharge of the nickel oxyhydroxide, the nanganese di oxi de can al so :
provide a sufficient capacity. [0028] It is preferred that the nickel
oxyhydr oxi dehbseefound thatorendtkelehfydirbaidegipkysiddialg prtopeasitess (4) a
ni ckel nmean valence of 2.95 to 3.05; (5) a tap density of 2.15 g/cn8 or
nore; and (6juatBETespmounhitcofumhagenaseaddssblved2@heedn clat0de] viefryt he
mean val ence of nickel contained in the nickel oxyhydroxide is |ess than
2. 95, the capasiily okitiheednichkmlical}iyytyoxisdagpan ovxidiwdnghtagéadtr.eases,
which may result in a decrease in battery capacity. On the other hand, if
t he nean val ¢noe79¢f nickel exceeds 3.05, the ratio of 7- type crystal in the
ni ckel oxyhydroxi de increases, which may result in deterioration in
hi gh-1 oaded di schar ge AXdwgr adifreyd thec nicKed reamhyddenick: adindliwded cont ai ned
in the nickel oxyhydroxide can be determ ned, for exanple, by the 14
manganese, the electronic conductivity of the nickel
oxyhydroxide is maintained high. Thus, even when the
manganese dioxide discharges after the discharge of the
nickel oxyhydroxide, the manganese dioxide can also provide
a sufficient capacity.
[0028]
It is preferred that the nickel oxyhydroxide have
one or more of the following physical properties:
(4) a nickel mean valence of 2.95 to 3.05;
(5) a tap density of 2.15 g/cm® or more; and
(6) a BET specific surface area of 5 to 20 m?/g.
[0029]
If the mean valence of nickel contained in the
nickel oxyhydroxide is less than 2.95, the capacity of the
nickel oxyhydroxide per unit weight decreases, which may
result in a decrease in battery capacity. On the other hand,
if the mean valence of nickel exceeds 3.05, the ratio of 7-
type crystal in the nickel oxyhydroxide increases, which may
result in deterioration in high-loaded discharge

characteristics. The mean valence of nickel contained in the

nickel oxyhydroxide can be determined, for example, by the



followng I CP em ssion spectronetry and oxidation-reduction titration.
[0030] (A) Measurenent of netal weight ratio in nickel oxyhydroxide A
predet ermi ned anmount of a nickel oxyhydroxide is mxed with an aqueous
solution of nitric acid, and the mxture is heated to dissolve all the

ni ckel oxyhydroxide. The resultant solution is then analyzed wth an ICP
em ssion spectroneter (e.g., VISTA-RL available fromVARIAN Inc.). In this
way, the weight ratio of each netal elenent contained in the nickel

oxyhydr oxi desbni6kehg TENEAIBSEon ShEcirdnetdst ahdl Baddal B HeddBtion
Measur enent of average nickel valence by oxidation-reduction titration A

ni ckel oxyhydrexi€eons m xed with potassium iodide and sul furic acid, and
the m xture is sufficiently stirred to conpletely dissolve the nickel
oxyhydr oxi dejobBojthi s dissolution step, high-val ence nickel ions, nmanganese
ions, and the |ike oxidize the iodide ion to iodine, whereby the nickel

i ons, manganese ions, @0 M@ urkkiendr6r FEEMICRR A thbiryalenge nithalr esul ting
iodine is titrated with a 0.1 nol/L aqueous sol ution of sodiumthiosulfate.
From t he congephy@téLineof the sodiumthiosulfate and the titrated anount,
the total amount of the above-nentioned 15

A predetermined amount of a nickel oxyhydroxide
is mixed with an aqueous solution of nitric acid, and the
mixture is heated to dissolve all the nickel oxyhydroxide.
The resultant solution is then analyzed with an ICP
emission spectrometer (e.g., VISTA-RL available from VARIAN
Inc.). In this way, the weight ratio of each metal element
contained in the nickel oxyhydroxide (nickel, manganese,
etc.) is determined.

[0031]

(B) Measurement of average nickel valence by
oxidation-reduction titration

A nickel oxyhydroxide is mixed with potassium
iodide and sulfuric acid, and the mixture is sufficiently
stirred to completely dissolve the nickel oxyhydroxide. 1In
this dissolution step, high-valence nickel ions, manganese
jons, and the like oxidize the iodide ion to iodine,
whereby the nickel ions, manganese ions, and the like are
reduced to bivalence. The resulting iodine is titrated
with a 0.1 mol/L aqueous solution of sodium thiosulfate.
From the concentration of the sodium thiosulfate and the

titrated amount, the total amount of the above-mentioned



ni ckel ions, manganese ions, and the like with a valence greater than

bi val ence can be determ ned. [0032] Using the total anmount of the nickel

i ons, nmanganese ions, and the like with asval ence greater than bival ence
and the weight ratios of the netals obtained in the above (A), the nean

val ence of nickel in the nickel oxyhydroxide can be estimted. Therein,
suppose that the valence of manganese contained in the nickel oxyhydroxide
is 4. Further, if cobalt is contained in the nickel oxyhydroxide, suppose

t hat the val anekedf ioakal mangadese iloP&33RnAurthleenikecadandi rg aldnt® present
invention, it is preferred that the tap density of the nickel oxyhydroxide
be 2. 15 ¢/ cnBreaterr ehahhbivalablces dahe benidekermixgldy.dr oxi de to be
preferably filled into the case. [0034] Also, it is preferred that the BET
specific sufbagelarea of the nickel oxyhydroxide be in the range of 5 to
20 n2/g. This enables the positive electrode m xture to be preferably

i npregnated with the ejeiidotlyé etotD3bhodhB0of i thé SnpeRéErisfist hat the
ni ckel oxyhydroxi de have sodiumions on the particle surface thereof. In

this case, ihahgapeskeibad,! Aald the 39%eURRithoRs vaaeodel Jréfatdrd thanl % by
wei ght of the total of the 16
bivalence and the weight ratios of the metals obtained in
the above (A), the mean valence of nickel in the nickel
oxyhydroxide can be estimated. Therein, suppose that the
valence of manganese contained in the nickel oxyhydroxide
is 4. Further, if cobalt is contained in the nickel
oxyhydroxide, suppose that the valence of cobalt is 3.5.
[0033]

Further, according to the present invention, it
is preferred that the tap density of the nickel
oxyhydroxide be 2.15 g/cm® or more. This enables the
nickel oxyhydroxide to be preferably filled into the case.
[0034]

Also, it is preferred that the BET specific
surface area of the nickel oxyhydroxide be in the range of
5 to 20 m’/g. This enables the positive electrode mixture
to be preferably impregnated with the electrolyte.

[0035]

Also, it is preferred that the nickel
oxyhydroxide have sodium ions on the particle surface
thereof. In this case, it is preferred that the sodium

ions account for 0.5 to 1 ¥ by weight of the total of the



ni ckel oxyhydroxi de and the sodiumions. N ckel oxyhydroxide is often
produced by adding an oxidizing agent such as an aqueous sol ution of sodium
hypochlorite to nickel hydroxide disperseggin an aqueous solution of sodium
hydr oxi de. Thus, sodiumions are carried on the surface of the nickel
oxyhydr oxi de depending on water-washing condition after oxidation. If the
anmount of sodiumions carried on the surface of the nickel oxyhydroxide
exceeds 1% by weight of the total of the nickel oxyhydroxide and the sodi um

ions, the sogiikKelObkyhg¥eiokide ange ther odli el fiesls. which may result in
degradation in battery performance, mainly storage characteristics. On the

other hand, if the amui¢ék®f ofPHlydRdXON6 L£&§6f€enOPrédacedr hrCaaa8nHeSS
than 0.5% by weight, the val ence of nickel in the surface |ayer of the

ni ckel oxyhyaho;s&fiaiizin?ptag@ml @WRh WRORANagrleduee sdiGdn dft SIBRAEI ty may
not be fully utilized. [0036] The anobunt of sodiumions carried on the

surface of Ayboekdor@Etd iR 1l Hydesidend speds XAl Rfuedud | OWs. A
predet er mi ned” anmount of ni ckel oxyhydroxide powder is mxed with an agueous

sol ution of BohiigoACio# sodidnt MGaFoKlies | $niigat 8dal Amdisagl ¥eeal | the

ni ckel oxyhydroxi de powder. The'resultant solution is then analyzed by an

| CP em ssi oncgpegeHOR! hel @hrfa¥eSHA Rhel fiickel oxyhydroxide depending
on water-washing condition after oxidation. If the amount
of sodium ions carried on the surface of the nickel
oxyhydroxide exceeds 1% by weight of the total of the
nickel oxyhydroxide and the sodium ions, the sodium ions
exert a large harmful effect, which may result in
degradation in battery performance, mainly storage
characteristics. On the other hand, if the amount of
sodium ions carried on the surface is less than 0.5% by
weight, the valence of nickel in the surface layer of theb
nickel oxyhydroxide is apt to lower upon discharge. Hence,
its capacity may not be fully utilizeqd.
[0036]

The amount of sodium ions carried on the surface of
a nickel oxyhydroxide is determined, for example, as
follows.
A predetermined amount of nickel oxyhydroxide

powder is mixed with an aqueous solution of nitric acid,
and the mixture is heated to dissolve all the nickel

oxyhydroxide powder. The resultant solution is then

analyzed by an ICP emission spectrometor (eg., VISTA-RL



avai l able fromVARIAN Inc.) to determ ne the anount of sodium Using the
anount of sodiumthus obtained, the ratio of sodiumions (% by weight) to
the total of the nickel oxyhydroxide andithe sodiumions is determ ned.
[0037] Also, it is preferred that the nickel oxyhydroxide account for 10 to
80 % by weight of the positive electrode m xture. Wen the nanganese

di oxi de and the nickel oxyhydroxide as the positive el ectrode active
materials are conpared, the manganese di oxide is superior in terms of
capacity per avaiflabiegifromd@ARIAN dncuwhi ¢t idetermihiel thé amountthefcase,
material costs, etc. However, the nickel oxyhydroxide is superior in terns
of di schar gesodahimageyshhghtheagncunt sehasgaiahathaseobsained, ethe

Accordi ngly, considering the balance between the overall battery

charact eri st ragiandft beddast Sonist (S byDsleightof @oakthe tthatalt lbe b ng ratio
of the nickel oxyhydroxide in the positive electrode mxture be in the

above- ment i opgdkelabgghylox§deThad ehgasedd uii Avinde GO dedietad nied .t he
positive electrode m xture of the alkaline battery of the present

i nvention is[pogf7fgrably el ectrol ytic manganese di oxide with a vol une-basis
mean particle size of approximately 30 to 50 um [0039] 18

Also, it is preferred that the nickel
oxyhydroxide account for 10 to 80 % by weight of the
positive electrode mixture. When the manganese dioxide and
the nickel oxyhydroxide as the positive electrode active
materials are compared, the manganese dioxide is superior
in terms of capacity per unit weight, density at which it
is filled into the case, material costs, etc. However, the
nickel oxyhydroxide is superior in terms of discharge
voltage, high-loaded discharge characteristics, etc.
Accordingly, considering the balance between the overall
battery characteristics and the costs, it is most
preferable that the mixing ratio of the nickel oxyhydroxide
in the positive electrode mixture be in the above-mentioned
range.

[o038]

The manganese dioxide contained in the positive
electrode mixture of the alkaline battery of the present
invention is preferably electrolytic manganese dioxide with
a volume-basis mean particle size of approximately 30 to

50 um.

[0039]



As the conductive agent, graphite, various carbon bl acks, fibrous carbon,
and the |i ke can be used. Anong them the nost preferable conductive agent
is graphite powder with a vol ume-basis rEan particle size of approxinmately
5to 20 m This is because positive electrode pellets can be easily nol ded
and battery production is unlikely to have problens. Further, the use of
such graphite nakes it possible to stabilize battery characteristics. As
used herein, graphite refers to_crystalline carbon in which the interplanar
spaci ng (d002) of thé§ &) cpranctddecasendd BFapbider XaTdPu§ CRRem on
analysis is 3.4 Aor less. [0040] Also, it is preferred that the conductive
agent accoubiagks. 3fiBreusosaybaBi gARdothehdikesranybeegedr odRMORg xt ur e.
This is because the volume energy density of the active materials in the
positive el eEheBdethexOft PHEALBEaDIG! FPRABRLAYecARGREcdSsEraPhidepr ovi de
satisfactory high- |oaded discharge characteristics. Exanple [0041] The
present inveRPVEaTri Wikhrai valuwe-Basiei peannppstipgdei piigal P by way of
Exanpl es. Exanple 1 (Nickel oxyhydroxide preparation) Predeterm ned
concent r at i oappobximabgl¥obst9920 um. This is because positive

electrode pellets can be easily molded and battery

production is unlikely to have problems. Further, the use

of such graphite makes it possible to stabilize battery

characteristics. As used herein, graphite refers to

crystalline carbon in which the interplanar spacing (dgez)

of the (002) plane determined by powder X-ray diffraction

analysis is 3.4 A or 1less.

[0040]

Also, it is preférred that the conductive agent
account for 3 to 10 % by weight of the positive electrode
mixture. This is because the volume energy density of the
active materials in the positive electrode mixture can be
sufficiently enhanced so as to provide satisfactory high-
loaded discharge characteristics.

Example
{0041]

The present invention is hereinafter described
more specifically by way of Examples.
Example 1

(Nickel oxyhydroxide preparation)

Predetermined concentrations of an agueous



solution of nickel sulfate (lI1), an aqueous solution of manganese sulfate
(I'l), an aqueous sol ution of sodium hydroxide, and ammoni a water were
continuously fed by a punp in predeterm®d anounts into a reaction vessel
equi pped with stirring blades. The supplied solution was continuously m xed
and stirred in the reaction vessel, whereby nickel hydroxide particles were
precipitated. The pH of the reaction solution in the reaction vessel was
adjusted to 12, and the tenperature was adjusted to 50'C. The precipitated
ni ckel hydrosodletpent b€l esckeleswdshed (RINh wat aguapndsdsoddtioenaofacuum | n
synt hesi zing the nickel hydroxide, an adjustnment was nade such that the
content of nmmaggapesei sollfidéd (AI)heani afekohgdsoinddonbefawediumby nol e of
the total amount of nmetal ions contained in the nickel hydroxide. This
ni ckel hydr okydeoxide, nanddammokéh hatdeoxwdee" abnthinGof8sig0fed bgHp 2) .
[0042] Al so, a nickel hydroxide "b" (N 0.95Zn0.05(0OH)2), a nickel hydroxide
"c" (N o.95Cpump54ioHpZedesntimadnedc kmbunhgdiatoda trdacthioa. 9¥8€aelo5( OH) 2)
were prepared in the same manner as the preparation of the nickel hydroxide
"a", exceptefolppbd wiehottamragqgebladesl.utTive sdpgliedssbiateon(whg, an
aqueous solution of cobalt sulfate (11), or an aqueous solution of calcium
Fitra}e (I'l) consinaduseliyt héxedquadustielredi an ehemeeganesa Selsiate (I11).
0043] 20

whereby nickel hydroxide particles were precipitated. The
PH of the reaction solution in the reaction vessel was
adjusted to 12, and the temperature was adjusted to 50T.
The precipitated nickel hydroxide particles were washed
with water and dried in a vacuum. In synthesizing the
nickel hydroxide, an adjustment was made such that the
content of manganese included in the nickel hydroxide
became 5% by mole of the total amount of metal ions
contained in the nickel hydroxide. This nickel hydroxide
was named nickel hydroxide "a” (Nig. osMng.os5(OH)2).

[0042]

Also, a nickel hydroxide "b"” (Nig.s5Z2ng.0s(0H),), a
nickel hydroxide "c” (Nig.95C00.05(0OH),), and a nickel
hydroxide "d” (Nij.ssCag.0s(OH),) were prepared in the same
manner as the preparation of the nickel hydroxide "“a”,
except for the use of an aqueous solution of zinc sulfate
(II), an agueous solution df cobalt sulfate (II), or an
aqueous solution of calcium nitrate (II) instead of the

aqueous solution of manganese sulfate (II).

[0043]



Al so, a nickel hydroxide "e" (N 3.95Zn0025C03025(0OH)2) was prepared in the
sanme manner as the preparation of the nickel hydroxide "a", except for the
use of a m xed aqueous solution of zinc sabfate (I1) and cobalt sulfate
(I'l) instead of the aqueous solution of nmanganese sulfate (I11). [0044]
Further, a nickel hydroxide "f" including no netal elenent was prepared in
the same manner as the preparation of the nickel hydroxide "a", except for
the non-use of the aqueous solution of manganese sulfate (I1). [0045] The
ni ckel hydroxides "a" Absdf"athickebtbhydeoxider teanal yzed by powder X-ray
diffraction analysis. As a result, it was confirmed that the nickel

hydr oxi des " dNibQsZii§.0250ad. 035 (B })) pasr psleplareid dot whe (s@hd yamneat ias

10099, and that the nickel hydroxides "a" to "e" included the added netal
el ement s t hatthee peegpiazatlivad oifn thiee ndickied! hyldydxddede aCr,y sixdeptlitfor the

vol ume-basi s nean particle sizes of these nickel hydroxides "a" to "f" were
measur ed by aska®€r a dikéd aadquesupasdlwt torsi g arad \WAFfatM ¢ra)r aad FRA
avai l abl e from Ni kkiso Co., Ltd.), and they were found to be approximately
10 um Their cobalderulifiade WET9 MRateadd ofbythe tagjuedaissisio) ytEasiirgig devi ce
(Tap denser KYT-4000 available from Seishin Enterprise Co., Ltd.), and they
were found manbanager ealrate Y 13.)2 g/cnB. Al so, their BET 21

[0044]

Further, a nickel hydroxide "f” including no
metal element was prepared in the same manner as the
preparation of the nickel hydroxide "a", except for the
non-use of the aqueous solution of manganese sulfate (II).
[0045]

The nickel hydroxides “"a" to "f" thus obtained
were analyzed by powder X-ray diffraction analysis. As a
result, it was confirmed that the nickel hydroxides "a” to
“f" had a B-type crystal structure (B-type ratio: 100%),
and that the nickel hydroxides "a” to "e” included the
added metal elements that were dissolved in the nickel
hydroxide crystal. The volume-basis mean particle sizes of

" ”

these nickel hydroxides "a” to "f" were measured by a laser
diffraction particle size analyzer (Microtrack FRA
available from Nikkiso Co., Ltd.), and they were found to
be approximately 10 um. Their tap densities were measured
by a tap density measuring device (Tap denser KYT-4000

available from Seishin Enterprise Co., Ltd.), and they were

found to be approximately 2.2 g/cm®. Also, their BET



specific surface areas were neasured by a BET specific surface nmeasuring
devi ce (ASAP-2010 avail able from Shimadzu Corporation), and they were found
to be 10 to 12 n2/g. It should be noted tBRht the above-nmentioned devices
were also used in the follow ng exanples to neasure the vol une-basis nean
particle size, tap density, and BET specific surface area. [0046] Next, 200
g of the nickel hydroxide "a" was put into 1 L of an aqueous sol ution of
sodi um hydroxide (concentration: 0.1 nol/L). Wile the resultant solution
was stirred, sRegiddet SUFLREE AFCRTt WET CameAFVESds bolauBEGh srefcidfddt um
hypochlorite (effective chlorine concentration: 10 % by wei ght) was added
thereto as tFUrdrce meaguadas deviigep(dFdPe 28 10 anaidmbde finagn Shfimadzu
reaction solution was further stirred, whereby the nickel hydroxide "a" was
converted toCarmogiadliosyhypmdostingy, WEne tfompey drube d thee 12 eddgi.on
solution was then 50t. [0047] Wth respect to the anmount of the added
aqueous solution of sbti shohigoed| neoted, thatr theecakoveemenhiened. 1
equi valents and 1.8 equivalents. As used herein, 1.0 equivalent is the
m ni mum t heodetviicels aexentaliseoquisedd imo thexifdildowimg reixaigllecoitaimesgsune t he
ni ckel hydroxide to trivalence. Also, as for the treatnent tinme (stirring
time) after tthe addiumeoirasiist meanqpecdsicd® stizen dfapsddinsnt??, and BET

specific surface area.

[0046]

Next, 200 g of the nickel hydroxide "a" was put

into 1 L of an aqueous solution of sodium hydroxide

(concentration: 0.1 mol/L). While the resultant solution

was stirred, a predetermined amount of an aqueous solution

of sodium hypochlorite (effective chlorine concentration:

10 ¥ by weight) was added thereto as the oxidizing agent,

to prepare a reaction solution. The reaction solution was

further stirred, whereby the nickel hydroxide “a" was

converted to a nickel oxyhydroxide. The temperature of the

reaction solution was then 50TC.

[0047]

With respect to the amount of the added aqueous

solution of sodium hypochlorite, there were two kinds: 1.1

equivalents and 1.8 equivalents. As used herein, 1.0

equivalent is the minimum theoretical amount required to

oxidize the nickel contained in the nickel hydroxide to

trivalence. Also, as for the treatment time (stirring

time) after the addition of the aqueous solution of sodium



hypochlorite, there were two kinds: 2.0 hours and 6.0 hours. |In this way,
four kinds of nickel oxyhydroxides were prepared under the four different
oxi dation conditions as shown in Table 122[0048] Subsequently, the

resul tant nickel oxyhydroxide particles were washed with water. The washi ng
with water was done until the pH of the filtrate reached 11.5 (25t). The
washed ni ckel oxyhydroxides were dried in a vacuumat 60t for 24 hours, to
obtai n ni ckel oxyhydroxides Al to A4. The anount of sodiumions carried on

t he surface hypoghdioniitekeltherghywemexitie Wi dsea2uledioudss @ande it haurs.
anount of sodiumions was approximately 0.8% by weight of the total of the
ni ckel oxyhydnotihde aay .t Feugodiimdsi orfs nidkei4 PxyhvaroxitdesTmweatenent Anount
of aqueous Nickel oxyhydroxide tine solution of sodium hypochlorite Al 2.0
hours 1.1 eqpreplageds under? thehdpng Bif feqentalosritdat iad G&ahdiduirens] . ds
equivalents A4 6.0 hours 1.8 equivalents [0050] Next, nickel oxyhydroxides
Bl to B4, C showg4inDTabile 4, El to E4, and FI to F4 were prepared in the

same manner as the preparation of the nickel oxyhydroxides A to
[0048]

Subsequently, the resultant nickel oxyhydroxide
particles were washed with water. The washing with water
was done until the pH of the filtrate reached 11.5 (25TC).
The washed nickel oxyhydroxides were dried in a vacuum at
60C for 24 hours, to obtain nickel oxyhydroxides Al to A4.

The amount of sodium ions carried on the surface
of each nickel oxyhydroxide was measured. As a result, the
amount of sodium ions was approximately 0.8% by weight of

the total of the nickel oxyhydroxide and the sodium ions.

[0049]
[Table 1]
Amount of aqueous
Nickel oxyhydroxide Treétment solution of sodium
time .
hypochlorite
Al 2.0 hours 1.1 equivalents
A2 2.0 hours 1.8 equivalents
A3 6.0 hours 1.1 equivalents
A4 6.0 hours 1.8 equivalents
[0050]

Next, nickel oxyhydroxides Bl to B4, Cl to C4, D1
to D4, E1 to E4, and Fl1 to F4 were prepared in the same

manner as the preparation of the nickel oxyhydroxides Al to



23 A4, except for the use of the nickel hydroxides "b" to "f". As used
herein, A to F representing the respective nickel oxyhydroxides correspond
to "a" to "f" of the nickel hydroxides. RBso, the nunbers 1 to 4 refer to
the sane oxidation conditions as those of Al to A4 shown in Table 1.
[0051] Al of these 24 kinds of nickel oxyhydroxides had a vol unme-basis
mean particle size (D50) of approximately 10 Jim Al so, these nickel
oxyhydroxi des had a tap density of approximately 2.3 g/cnB and a BET
speci fic sur Pdoe efiqapt doriFhe use @ ¢:hq gusHe Fhridroxidemstb 24t&i NEs. of
ni ckel oxyhydroxides were neasured for their nickel nmean valence. Table 2
shows the résulused heosgin . Fu thefhorepreseniaind-they risneckiveomigkeyses
confirnmed that these nickel oxyhydroxides were all conposed mainly of a
13-type crystaxyhwdnexides curmesppndesta me'i e Th'oref Hehe migkely of the
diffraction peak attributed to the (001) plane characteristic of the 8-type
crystal strudiydmoxintes t hdlisot effbiet pumbetrise 1ditf daceifer foakhst tsanteut ed to
the (003) plane characteristic of the i-type crystal structure, the ratio
of the Qtypexidadtigin igorstidhiafs tdesthode ke Alxydh Ak shiaas iasT#3Pe or .
nore. However, sonme sanples exhibited the peak of nickel hydroxide.
Therefore, tH&051]

All of these 24 kinds of nickel oxyhydroxides had
a volume-basis mean particle size (Dso) of approximately
10 um. Also, these nickel oxyhydroxides had a tap density
of approximately 2.3 g/cm3 and a BET specific surface area
of 10 to 15 m?*/g.

[0052]

Further, these 24 kinds of nickel oxyhydroxides
were measured for their nickel mean valence. Table 2 shows
the results.

[0053]

Furthermore, powder X-ray diffraction analyses
confirmed that these nickel oxyhydroxides were all composed
mainly of a B-type crystal structure. That is, estimating
from the intensity of the diffraction peak attributed to the
(001) plane characteristic of the fB-type crystal structure and
the intensity of the diffraction peak attributed to the (003)
plane characteristic of the 7-type crystal structure, the
ratio of the f-type crystal in each of these nickel

oxyhydroxides was 98% or more. However, some samples

exhibited the peak of nickel hydroxide. Therefore, the



24 height of the diffraction peak attributed to the (100) plane around
diffraction angle 20 =33.8 was read, since this height reflects the anpunt
of the nickel hydroxide which was |left ubbxidized in the treatnent with the
oxi di zing agent. Table 2 shows the results. In Table 2, "N D." neans that a
diffraction peak attributed to the (100) plane did not appear. Al so, the
kinds of the elenent(s) included in the nickel oxyhydroxides are shown in
Table 2. [0054] 25 [Table 2] Kind of N ckel Height of N ckel diffraction
oxyhydr oxi dehelightnofs thee di ffealctaonr peake @ tdirddultedd twaltdrec d 1t0® )( 100)
plane Al M1 2.95 ND. A2 Mh 2.99 NND. A3 M1 2.98 ND. A4 Mi 3.01 N D.

Bl Zn 2.75 280anB2aZoundSdif¥racBiodnangds 2% =B4.8h vadrdad, s{ic€o 2. 96
N.D. C Co 2.99 N.D

this height reflects the amount of the nickel hydroxide
which was left unoxidized in the treatment with the
oxidizing agent. Table 2 shows the results. In Table 2,
"N.D." means that a diffraction peak attributed to the
(100) plane did not appear. Also, the kinds of the
element(s) included in the nickel oxyhydroxides are shown

in Table 2.

[0054]



C3 Co 2.98 N D.
220 D4 Ca 2.97 N D
Co 2.92 50 E4 Zn and Co 3.00 N. D
50 F4 None 2.95 N.D.
e

None 2.92
hydr oxi de
even when
smal | and
hydr oxi de

cobalt can
cont ai ned in t he

hydr oxi de

E

Or IICII

C4 Co 3.02 N.D.

Fl

the treatnment tine was short.
"a[Tahdbudﬂng 26 nmanganese or the nlckel

DI Ca 2.71 310 D2 Ca 2.85 205 D3 Ca 2.82
Zn and Co 2.88 150 E2 Zn and Co 2.94 35 E3 Zn and

Nok® 2.85 155 F2 None 2.91 55 F3

[ 0055] The ni ckel
was oxidized until its nmean val ence becanme al npst

t he anbunt of the aqueous solution of sodium hypochlorite was

contained in

t he ni ckel
3.0

Thi s i ndi cates that the ni ckel

hydroxide "

I ncl udi ng

hatd 1 ft CkE'
h@ yorl fn" d{, the nickel

be roxt UI LCU cad f ¥ [OGSG] on—the—othe
ydr oXidé ofh" , |t hdlickedkel
" lannb xqagke' chywnbid)de |"f " MOEE NQtyea attributed
dissolved valence
to (100) plane
Al Mn 2.95 N.D.
A2 Mn 2.99 N.D.
A3 Mn 2.98 N.D.
A4 Mn 3.01 N.D.
Bl n 2.75 280
B2 Zn 2.86 195
B3 Zn 2.83 75
B4 Zn 2.99 N.D.
Cl Co 2.96 N.D.
C2 Co 2.99 N.D.
C3 Co 2.98 N.D.
C4 Co 3.02 N.D.
D1 Ca 2.71 310
D2 Ca 2.85 205
D3 Ca 2.82 220
D4 Ca 2.97 N.D.
El Zn and Co 2.88 150
E2 Zn and Co 2.94 35
E3 Zzn and Co 2.92 50
E4 Zn and Co 3.00 N.D.
F1 None 2.85 155
F2 None 2.91 55
F3 None 2.92 50
F4 None 2.95 N.D.

[0055]

The nickel contained in the nickel hydroxide

or C

a

was oxidized until its mean valence became almost

3.0 even when the amount of the aqueous solution of sodium

hypochlorite was small and the treatment time was short.

This indicates that the nickel hydroxide

» L

a

including



oxidized until its nean val ence becane al nost 3.0, except for the case
where the treatnent was perforned for a long tine with the addition of an
excessi ve anmount of the aqueous sol ution26f sodium hypochlorite. This
indicates that the oxidation does not proceed easily in the case of the

ni ckel hydroxide "b" including zinc, the nickel hydroxide "d" including
calcium the nickel hydroxide "e" including zinc and cobalt, or the nickel
hydroxide "f" including no netal elenent. In the nickel hydroxides "b",
"d", and "e" mangapeste oH dhe thickedl dryslrosfidend i imdlardsingamebbdiet g um
ions dissolved in the nickel hydroxide remain unchanged fromthe bival ence.
In the case b oxidlizeadhgasidlel hydroxi des by an oxidizing agent, it is
considered that these ions renmain bivalent and are thus wunlikely to be
oxi di zed. [0Q®D)561( Al kal i ne battery production) Using the nickel
oxyhydroxi de powders Al to F4 thus obtained, alkaline dry batteries as
shown in FIG 1 were @nothheedthe@” hafN@58FfhéPnsckelecehtatinedeim xhare
preparation) First, electrolytic nanganese dioxide with a vol unme-basis nmean
particl e sizaiaked) hydrdxiceni"@Kel thexyhykedXid@lriixide caitdudiies eniagesit of
artificial graphite (SP grade available from N ppon G aphite Industries,
Ltd.; hydroxide "e”, and the nickel hydroxide "f" was not

oxidized until its mean valence became almost 3.0, except
for the case where the treatment was performed for a long
time with the addition of an excessive amount of the
aqueous solution of sodium hypochlorite. This indicates
that the oxidation does not proceed easily in the case of
the nickel hydroxide "b” including zinc, the nickel
hydroxide "d” including calcium, the nickel hydroxide "e”
including zinc and cobalt, or the nickel hydroxide "“f”"
including no metal element. In the nickel hydroxides "b",
"d”", and “"e”, in particular, the valence of the zinc ions
and the calcium ions dissolved in the nickel hydroxide
remain unchanged from the bivalence. In the case of
oxidizing nickel hydroxides by an oxidizing agent, it is
considered that these jions remain bivalent and are thus
unlikely to be oxidized.
[0057]
(Alkaline battery production)

Using the nickel oxyhydroxide powders Al to F4

thus obtained, alkaline dry batteries as shown in FIG. 1

were produced.



mean particle size 15 um) were mxed in a weight ratio of 50:45:5, to
prepare a powder m xture. 100 parts by weight of this powder m xture was
mxed with 1 part by weight of an aqueoug7sol ution containing 40% by wei ght
pot assi um hydroxi de. The resultant m xture was evenly mxed with a m xer,
to obtain particles having a predeterm ned particle size. The resultant
particles were nol ded under pressure into hollow cylinders, to prepare
positive electrode m xtures. [0059] (Negative el ectrode production) A
gel I i ng agentl 0®&58odi um pol yacryl ate, an al kaline electrolyte, and a
negative el ectrode active material of zinc powder were mxed in a wei ght
rati o of 2. XPLGLtICG dleqhmypby enixtgote megedanat ise)ct rode. The al kal i ne
el ectrol yte used was an aqueous sol ution of 40% by wei ght potassium

hydr oxi de. [0060] (Al Rarshe baetérylutienbhypyablesagdibgifeswiiitheael ectrode
m xtures and gel 28 negative electrode thus obtained, an AA size al kaline
battery as i Molstmeattexbisn fda@ phmaicls adiveedf Wee fositheenbdleel r ode case
used was nade of a nickel-plated steel plate. The inner wall of this

positive el ectyhydirosaisi® d a graphidteiwoaiders: foff mrtA filalel idnapiitde
above-nenti oned positive
(SP grade available from Nippon Graphite Industries, Ltd.;
mean particle size 15 um) were mixed in a weight ratio of
50:45:5, to prepare a powder mixture. 100 parts by weight
of this powder mixture was mixed with 1 part by weight of
an aqueous solution containing 40% by weight potassium
hydroxide. The resultant mixture was evenly mixed with a
mixer, to obtain particles having a predetermined particle
size. The resultant particles were molded under pressure
into hollow cylinders, to prepare positive electrode
mixtures.
[0059]
(Negative electrode production)

A gelling agent of sodium polyacrylate, an
alkaline electrolyte, and a negative electrode active
material of zinc powder were mixed in a weight ratio of
2.5:100:200, to prepare a gel negative electrode. The
alkaline electrolyte used was an aqueous solution of 40% by
weight potassium hydroxide.

[0060]

(Alkaline battery assembly)

Using the positive electrode mixtures and gel



el ectrode m xtures were inserted into this positive electrode case, and the
positive el ectrode m xtures were then pressed again so as to closely adhere
to the inner face of the positive el ectrd8e case. [0061] Subsequently, a
separator and an insulating cap were inserted into the holl ow space inside
the positive electrode mxtures. Thereafter, an electrolyte was injected
into the battery case to noisten the separator and the positive el ectrode
m xtures. The el ectrolyte used was an aqueous sol ution of 40% by wei ght

pot assi um hydegritdye e[legdxiodaf tthust lob tiadjnedk.i ean A tsicecladdalding e, t he gel
negative electrode was filled into the space inside the separator. Then, a
negati ve el ebattgsycasr ddflusdiregedorin FiGeglamas winodugesbal i ng nenber and a
bottom plate was inserted into the gel negative el ectrode. The openi ng of

t he positive el ectrodeThaesposhtiveattechyodei opsagused wpenmaddgefod t he
positive el ectrode case onto the bottomplate wth the sealing plate

t her ebet weennikcketll-plattied skeel pJdatsurfBhe dhnenewpddi bEvéhdékepbsdadévease
was covered with an outer label, to conplete a battery. The resultant
battery wasedactdodat case Aad [a0@E3jphBatet eviadind? fidmA4, Bl to B4, C to
C4, D to D4, El to E4, and FI to F4 were produced in the same manner as

A plurality of the above-mentioned positive
electrode mixtures were inserted into this positive
electrode case, and the positive electrode mixtures were
then pressed again so as to closely adhere to the inner
face of the positive electrode case.

[0061]

Subsequently, a separator and an insulating cap
were inserted into the hollow space inside the positive
electrode mixtures. Thereafter, an electrolyte was
injected into the battery case to moisten the separator and
the positive electrode mixtures. The electrolyte used was
an aqueous solution of 40% by weight potassium hydroxide.
[0062]

After the injection of the electrolyte, the gel
negative electrode was filled into the space inside the
separator; Then, a negative electrode current collector
integrated with a sealing member and a bottom plate was
inserted into the gel negative electrode. The opening of
the positive electrode case was sealed by crimping the open

edge of the positive electrode case onto the bottom plate

with the sealing plate therebetween. Lastly, the outer



the production of the battery 1A except for the use of the

ni ckel

oxyhydroxides A2 to A4, Bl to B4, C to C4, D to D4, El to E4, and F
to B4, d to 4,

F4 instead of the nickel oxyhydroxide Al29The batteries B
D to D4, El to E4, and FIl to F4 are conparative batteries.

[ 0064]

to

(Battery evaluation) (Low | oaded discharge characteristics) Each of the 24
ki nds of batteries obtained in the above nmanner was continuously di scharged

at a constant current of 50 mA at 20t until the battery voltage dropped

a cut-off volstagacef of ¥h¢ pasdridive tdledtmiddealcasd sasarqperexappnoriith an

(hereinafter also referred to as the discharge capacity at 50 mA or the

to

| ow | oaded diomntlear abedapdo tcpmpisst emmadartadryf.008bE réblughantatiad tdicgchar ge

characteristics) Each of the 24 kinds of batteries was cont

i nuously

di scharged awazs hanmeidamiatdernyerdl .of 1000 mA at 20t until the battery

vol tage dropped to the cut-off 30 voltage of 0.9 V, whereby the initial
di scharge capaoieByy (hereinafter also referred to as the discharge capacity
at 1000 mA or the high-1oaded di scharge capacity) was neasured. [0066]
(Storage characteristiBatt&Entésoh2tbe haitBLi €6 Baored ab 6@t bor tenpayeek

El to E4, and Fl1 to F4 were produced in the same manner as

the production of the battery 1A, except for the use of the

nickel oxyhydroxides A2 to A4, Bl to B4, Cl to C4, D1 to D4,

El to E4, and Fl to F4 instead of the nickel oxyhydroxide

Al. The batteries Bl to B4, Cl to C4, D1 to D4,
and Fl1 to F4 are comparative batteries.

[0064]

(Battery evaluation)

(Low-loaded discharge characteristics)

El to E4,

Each of the 24 kinds of batteries obtained in the

above manner was continuously discharged at a constant

current of 50 mA at 20C until the battery voltage dropped

to a cut-off voltage of 0.9 V, whereby the initial

discharge capacity (hereinafter also referred to as the

discharge capacity at 50 mA or the low-loaded discharge

capacity) was measured.
[0065]
(High-loaded discharge characteristics)

Each of the 24 kinds of batteries was

continuously discharged at a constant current of 1000 mA at

20C until the battery voltage dropped to the cut-off



was continuously discharged at a constant current of 1000 nmA at 200C until
the battery voltage dropped to the cut-off voltage of 0.9 V, whereby the
di scharge capacity (hereinafter also refeBPed to as the post-storage

di scharge capacity) was neasured. The ratio of the post-storage discharge
capacity to the high-loaded di scharge capacity was expressed as a
percentage as the capacity retention rate. [0067] Table 3 shows the
results. The | ow | oaded discharge capacities and hi gh-|oaded di scharge

capacities ¥Rdkdgencofalfl-@ ¥.amvhezebyettheygdsitdiadt disahangdse danadidatied
di scharge capacity and high-loaded di scharge capacity of the conparative
battery F4, r(é§§6(}flia‘féle}'. AlFocgeferredriisl @s3theashiciahargewdnasidy at
Hi gh-1 oaded retention rate after discharge discharge 1-week capacity
capacity stodf§8 s og0Cheshigi-tloaded] diGrherper TapRatitterly wis MR s d/3
Battery A3 102 102 78 Battery A4 103 103 80

[0066]

(Storage characteristics)

Each of the batteries stored at 60C for one week
was continuously discharged at a constant current of 1000
mA at 20C until the battery voltage dropped to the cut-off
voltage of 0.9 V, whereby the discharge capacity
(hereinafter also referred to as the post-storage discharge
capacity) was measured. The ratio of the post-storage
discharge capacity to the high-loaded discharge capacity
was expressed as a percentage as the capacity retention
rate.

[0067]

Table 3 shows the results. The low-loaded
discharge capacities and high-loaded discharge capacities
shown in Table 3 are percentages relative to the low-loaded
discharge capacity and high-loaded discharge capacity of

the comparative battery F4, respectively.

[0068]



Conpar at i
Conparati
Conpar at i
Conpar at i
Conpar at i
Conparati
Conpar at i
Conpar at i
Conpar at i
Conparati

100(standard) €
terns of al
di scharge capad
one- week st orag

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

capacities and

ard)
lues in
ed
after
arge

battery Bl 88 83 70 Conparative battery B2 95 93 75
battery B3 94 91 74 Conparative battery B4 97 97 75
battery C1L 100 97 73 ConparaBdlve battery C2 100 97 75
battery C3 101 97 74 Conparative battery C4 102 98 75
battery DL 85 80 72 Conparative battery D2 94 91 76
battery D3 92 90 76 Conparative battery D4 98 97 76
battery El 94 91 70 Conparative battery E2 97 95 74
h&ebdey 33 96 95 73 Conparative battery E4 98 98 75
batiteryF1—94—9252 7 Conparattvebattery—H2—8 %"-itpl
batiftery F3 97 97 62 | Conparative battery F4 a‘é} nd
5 [0069] The bat | dowetoafedt pHigh-dsddeldi [t gl gogd ya
off the | ow | oaded d| séirehgedecapadischargehe hy gheload
ity, and the postst@PRj&Y cap&ePadityetlentbLlyel 8t €
e at 601C. The 32| reason of| high | ow lloadgd gipsch
MO pattery A1 101 101 77
Battery A2 103 102 78
Battery A3 102 102 78
Battery A4 103 103 80
Comparative battery Bl 88 83 70
Comparative battery B2 95 93 75
Comparative battery B3 94 91 74
Comparative battery B4 97 97 75
Comparative battery Cl 100 97 73
Comparative battery C2 100 97 75
Comparative battery C3 101 97 74
Comparative battery C4 102 98 75
Comparative battery D1 85 80 72
Comparative battery D2 94 91 76
Comparative battery D3 92 90 76
Comparative battery D4 98 97 76
Comparative battery El 94 91 70
Comparative battery E2 97 95 74
Comparative battery E3 96 95 73
Comparative battery E4 98 98 75
Comparative battery F1 94 92 52
Comparative battery F2 96 95 61
Comparative battery F3 97 97 62
Comparative battery F4 | 100(standard) | 100 (standard) 65
[0069]

The batteries Al to A4 exhibited good values in

terms of all of the low-loaded discharge capacity,

high-loaded discharge capacity,

capacity retention rate after one-week storage at 60C.

and the post-storage

the

The



hi gh-1 oaded di scharge capacities is probably as follows. That is, since the
ni ckel val ences of the nickel oxyhydroxides Al to A4 are sufficiently high,
the di scharge capacities of the nickel oX¥hydroxi des becone | arge.
Further, even when the manganese di oxi de di scharges after the discharge of
t he ni ckel oxyhydroxide, the manganese dissolved therein produces the
effect of maintaining the electronic conductivity of the nickel
oxyhydroxi de high, so that the nanganese di oxide al so provides a sufficient
capacity. [O@2éponl o6, hdghhdogh lohdededischamgefl capecinpiesyvemdnhighn st orage
characteristics is not clear, it is probably as follows. The nanganese
di ssol ved i nhiigb-dppdedl dikchhagencepelcigiplsydisoprdbabdyses &olilogsease in
t he oxygen- generating overvoltage on the nickel oxyhydroxide. As a result,
t he sel f-di sEhatgéswasisgpptbssedckeieveldgncessolft ithg nhclkiegh capacity
retention rates. [0071] On the other hand, in the case of the batteries Bl
to B3, D tooBghylrokadEs, AdndoFR4t erE3 sufitfiichensdy hrigbkelthex dhpdhaxigdes
havi ng not-sufficiently-high nickel nean valences and partially containing
unr eact ed ni cephcihyjdsorifdéhet hdickelowxlybgdedxdideshbegemeajadigei.es and hi gh-
| oaded di scharge capacities were not so inproved. 33 [0072]

Further, even when the manganese dioxide discharges after

the discharge of the nickel oxyhydroxide, the manganese

dissolved therein produces the effect of maintaining the

electronic conductivity of the nickel oxyhydroxide high, so

that the manganese dioxide also provides a sufficient

capacity.

[0070]

Also, although the mechanism of the improvement

in storage characteristics is not clear, it is probably as

follows. The manganese dissolved in the crystal of the

nickel oxyhydroxide caused an increase in the oxygen-

generating overvoltage on the nickel oxyhydroxide. As a

result, the self-discharge was suppressed, thereby

resulting in high capacity retention rates.

[0071]

On the other hand, in the case of the batteries

Bl to B3, D1 to D3, El to E3, and Fl1 to F3, which used

nickel oxyhydroxides having not-sufficiently-high nickel

mean valences and partially containing unreacted nickel

hydroxide, their low-loaded discharge capacities and high-

loaded discharge capacities were not so improved.



The battery B4, the battery D4, and the battery E4, which included nickel
oxyhydroxi des that were obtained by the long treatnent with the excessive
addition of the aqueous solution of sodi &8 hypochlorite, exhibited somewhat
better | ow | oaded di scharge capacities, high-loaded discharge capacities,
and capacity retention rates than those of the batteries Bl to B3, those of
the batteries D1 to D3, and those of the batteries El to E3, respectively.
However, their performance was inferior to that of the batteries Al to A4
of the preserdt00i7®enti on. [0073] The batteries C to C4, which used nickel
oxyhydroxi des including cobalt, exhibited relatively high |owl oaded
di scharge capacities, Thackatheryi B&el theal batteryfDdheandckbe bayhgdyoxi de
was hei ght ened. However, their high-|loaded di scharge capacities were not so
hi gh, becaus&4.,t Wb ichb dinc lgidesio Inviedk etlh erxyihry ddworiakese S hiate wededathtained
reduction potential of the nickel oxyhydroxide. [0074] As described above,
t he i ncl usi obbyofthe dioniget re@mtyiendtr oxitde thle eXeshd ver afidismicbmerfyaiese
dioxide in the positive electrode m xture nmakes it possible to hei ghten
t he capacity agfuean salsidhitienbatft exodiamnd hyparodMe rtilte ,s textads t gik rdonavarese
thereof. Also, it can be seen that the inclusion of manganese greatly
facilitates betterelawstlioadesd disicha ryec loalp ardydiyed,otidm foadeai ni ckel
hydroxi de, i.e., the

discharge capacities, and capacity retention rates than

those of the batteries Bl to B3, those of the batteries D1

to D3, and those of the batteries E1 to E3, respectively.

However, their performance was inferior to that of the

batteries Al to A4 of the present invention.

[0073]

The batteries Cl to C4, which used nickel
oxyhydroxides including cobalt, exhibited relatively high
low-loaded discharge capacities, since the nickel valence
of the nickel oxyhydroxide was heightened. However, their
high-loaded discharge capacities were not so high, because
the cobalt dissolved therein decreases the oxidation
reduction potential of the nickel oxyhydroxide.

[0074]

As described above, the inclusion of a nickel
oxyhydroxide Al, A2, A3 or A4 and manganese dioxide in the
positive electrode mixture makes it possible to heighten
the capacity of an alkaline battery and improve the storage

performance thereof. Also, it can be seen that the

inclusion of manganese greatly facilitates the preparation



oxi di zation of the nickel hydroxide by an oxidizing agent. [0075] Exanple 2
The anpbunt of nanganese to be included in a nickel oxyhydroxide and the
state of the manganese were exam ned. Se8én ki nds of nickel hydroxides with
different nmanganese contents were synthesized in the same manner as the
preparation of the nickel hydroxide "a", except that the supply speed of
t he aqueous sol ution of manganese sulfate (Il1) was adjusted such that the
content of nmanganese was 0.3%by nole, 0.5%by nole, 1% by nole, 3% by
mol e, 7% by @8 @ nigkedy axhydraxidesinome aigtkelhdindnanideanviure. oftheet al
ions contained in the nickel hydroxide. These were nanmed ni ckel hydroxides
mM to nv. [O0OXdimediencicd] thedmgdkids hitdnaxide ey eararey ydderlinty agesvitler
X-ray diffraction analysis, and it was confirned that these nickel
hydr oxi des hd®035R-type crystal structure and that the added manganese was
di ssolved in the nickel hydroxide crystal. [0077] N ckel hydroxides nB and
nd were prep@xatple tthe sanme manner as the preparation of the nicke
hydr oxi de "a", except that the supply speed of the aqueous sol ution of 35
manganese sulfate (11)Thesamdpotst el manpganhhae thebeomhemhtided in a

nickel oxyhydroxide and the state of the manganese were

examined.

Seven kinds of nickel hydroxides with different

manganese contents were synthesized in the same manner as

the preparation of the nickel hydroxide "a”, except that

the supply speed of the aqueous solution of manganese

sulfate (II) was adjusted such that the content of

manganese was 0.3% by mole, 0.5% by mole, 1% by mole, 3% by

mole, 7% by mole, 10% by mole, or 12% by mole of the total

amount of metal ions contained in the nickel hydroxide.

These were named nickel hydroxides ml to m7.

[0076]

The nickel hydroxides ml to m7 were analyzed by

powder X-ray diffraction analysis, and it was confirmed

that these nickel hydroxides had a B-type crystal

structure and that the added manganese was dissolved in the

nickel hydroxide crystal.

[0077]

Nickel hydroxides m8 and m9 were prepared in the

same manner as the preparation of the nickel hydroxide "a”,

except that the supply speed of the aqueous solution of



of manganese was 3% by nole or 7% by nole of the total anount of netal ions
contained in the nickel hydroxide, that the pH of the reaction solution was
adjusted to 11.0, and that the tenperatuB® of the reaction solution was
adjusted to 40t. [0078] The nickel hydroxides nB and n® were anal yzed by
powder X-ray diffraction analysis. As exanples, FIG 2 shows an X-ray
diffraction profile (curved line A) of the nickel hydroxide nb (WM. 7% by
nol e, dissolved in the form of solid solution) and an X-ray diffraction

profile (curwadganese Buldffatend Ii)chwas pdiustiafe sl Mhat7okly eantent
eutectic). [0079] These nickel hydroxides nB and nD had a 3-type nickel
hydr oxi de cr p$t glangangseuwas Hdndremolses ogholin b mcAleGoR thehetatiakel
hydr oxi de m® al so exhi bited peaks attributable to a manganese oxide (the
posi tions of aploack ofi mgltesl iprE Gortainpdisin ithe helgkakdiydnakiole des n8
and nB, manganese is not dissolved in the nickel hydroxide crystal, but
manganese i s tdiagpdhecdH pf Hdef greactfion sendwes evasxiadkjustaedetaikkdl,
hydroxi de. That is, it is presunmed that the nickel hydroxides nB and nP
contai ning Rewdgdhede the demperatude)@ED[tIR6 redcuion o nittikasl vwaslr oxi des i
to nd® had a
adjusted to 40T.
[0078]
The nickel hydroxides m8 and m9 were analyzed by
powder X-ray diffraction analysis. As examples, FIG. 2
shows an X-ray diffraction profile (curved line A) of the
nickel hydroxide m5 (Mn: 7% by mole, dissolved in the form
of so0lid solution) and an X-ray diffraction profile (curved
line B) of the nickel hydroxide m9 (Mn: 7% by mole,
eutectic).
[0079]
These nickel hydroxides m8 and m9 had a B-type
nickel hydroxide crystal structure. However, as shown in
FIG. 2, the nickel hydroxide m9 also exhibited peaks
attributable to a manganese oxide (the positions of black
circles in FIG. 2). Thus, in the nickel hydroxides m8 and
m9, manganese is not dissolved in the nickel hydroxide
crystal, but manganese is dispersed in the form of a
manganese oxide in the nickel hydroxide. That is, it is
presumed that the nickel hydroxides m8 and m9 containing

manganese is eutectic.

[0080]



vol ume-basi s nean particle size of approximately 10 um a tap density of
approximately 2.2 g/cnB, and a BET specific surface area of 10 to 12 nR/g.

[ 0081] Next, the nickel hydroxide m was genverted to a nickel oxyhydroxide
in the sane manner as in Exanple 1, except that 200 g of the nickel
hydroxi de ml was used, that the tenperature of the reaction solution was
set to 50t, that the anobunt of the added aqueous solution of sodium
hypochlorite was set to 1.5 equivalents, and that the treatnent tine
(stirring tinme) after Aheoadtihéi wicloél thedregl@essmEototnonhafi aodi um
hypochlorite was set to 4.0 hours. [0082] Subsequently, the resultant

ni ckel oxyhydioninds bapald inflags paarftal oiRs e anidh apirximdwe washi ng with

wat er was done until the pH of the filtrate reached 11.5 (25t). The washed

ni ckel oxyhydrooxinle avasapgirdes ity a agppitaima €ty fDr2 24/ &eUr and @ BHM@I N a
ni ckel oxyhydroxide M. [0083] N ckel oxyhydroxides M2 to MD were prepared
in the sane spRviFiASUlfady epriatdonoftd e m2glgel oxyhydroxi de ML,
except for the use of the nickel hydroxides n2 to nD instead of the nickel
hydr oxi de m .[ooB1g anount of the sodiumions carried on the surface of 37
each of the nickel oxyhydroxides M to MD was approxi mately

Next, the nickel hydroxide ml was converted to a
nickel oxyhydroxide in the same manner as in Example 1,
except that 200 g of the nickel hydroxide ml was used, that
the temperature of the reaction solution was set to 50T,
that the amount of the added aqueous solution of sodium
hypochlorite was set to 1.5 equivalents, and that the
treatment time (stirring time) after the addition of the
aqueous solution of sodium hypochlorite was set to 4.0
hours.

[0082]

Subsequently, the resultant nickel oxyhydroxide
particles were washed with water. The washing with water
was done until the pH of the filtrate reached 11.5 (25%C).
The washed nickel oxyhydroxide was dried in a vacuum at
60C for 24 hours, to obtain a nickel oxyhydroxide M1.
[0083]

Nickel oxyhydroxides M2 to M9 were prepared in
the same manner as the preparation of the nickel
oxyhydroxide M1, except for the use of the nickel
hydroxides m2 to m9 instead of the nickel hydroxide ml.

The amount of the sodium ions carried on the surface of



0.8% by weight of the total of the nickel oxyhydroxide and the sodiumi ons.
(0084] The resultant 9 kinds of nickel oxyhydroxides had a vol une-basis
mean particle size (D50) of approxinmately3710 um These ni ckel oxyhydroxides
had a tap density of approximately 2.3 g/cnB, a BET specific surface area
of 10 to 15 nk/g, and a nickel nean val ence of approximtely 3.0. The
ni ckel oxyhydroxides M to M were analyzed by powder X-ray diffraction
analysis. As a result, no residual nickel hydroxide was found in these
ni ckel oxyhgdcbxpdeshe( 238%kE INextyhydsiond dielse M1 tloe M9 xalsy dippticdkeimaie liyo M,
al kaline batteries M to M were produced in the same nmanner as in Exanple
1. The batt ePy 8/ banwebghtteoifeshkl tbdalMd farthec ajokred! ioxyhlyarioeriides .anfd)086]
The batteries ML to MD thus produced were neasured for their |ow | oaded
di schar ge caphei spdiknmgheonisoaded di scharge capacity and post-storage
capacity retention rate in the sane manner as in Exanple 1. Table 4 shows
the results. [Db84llow | oaded di scharge capacities and high-|oaded di scharge
capacities shown in Table 4 are percentages relative to the | ow | oaded
di scharge capacity 38 Twaddvudtahtaderifddscbar gecrapackiyhyairoklidegorpadr ati ve
a volume-basis mean particle size (Dsy) of approximately
10 um. These nickel oxyhydroxides had a tap density of
approximately 2.3 g/cm3, a BET specific surface area of 10
to 15 mz/g, and a nickel mean valence of approximately 3.0.
The nickel oxyhydroxides M1 to M9 were analyzed
by powder X-ray diffraction analysis. As a result, no
residual nickel hydroxide was found in these nickel
oxyhydroxides.
foo85]
Next, using the nickel oxyhydroxides M1l to M9,
alkaline batteries M1l to M9 were produced in the same
manner as in Example 1. The battery M1l and batteries M7 to
M9 are comparative batteries.
[0086]
The batteries M1l to M9 thus produced were
measured for their low-loaded discharge capacity, high-
loaded discharge capacity and post-storage capacity
retention rate in the same manner as in Example 1. Table 4
shows the results. The low-loaded discharge capacities and

high-loaded discharge capacities shown in Table 4 are

percentages relative to the low-loaded discharge capacity



battery F4, respectively, in the same manner as
shows the anobunts of manganese (% by nol e)
contai ned in the nickel

in Table 3. Table 4 also
relative to the netal elenents
oxyhydr oxi des anglst he state thereof (dissolved in

the form of solid solution or eutectic). [0087] [Table 4] Anount of Mh
Capacity 1in nickel Low | oaded Hi gh-|oaded retention oxyhydroxide rate
after discharge discharge (npl8) and capacity capacity 1-week state

storage at thereof 609C (8) Conparative 0.3, solid 98 99 66 battery M
sol uti on Bat hedy hghG1oaded idd sthhryel capacdalyuioforhBatdomiparddt ile sol id 102
102 74 solution Battery M4 3, solid 103 102 77 solution Battery M 7,

solid 102 10bat%ergolFdt,i aespeaicttareliy i, thel ishmkOhahtkr8Gis S0 Tabde 3.
Conparative 12, solid 98 97 80

Table 4 also shows the amounts of manganese (% by mole)

relative to the metal elements contained in the nickel

oxyhydroxides and the state thereof (dissolved in the form

of so0lid solution or eutectic).

[0087]
[Table 4]
Amount of Mn Capacity
oeprydcoxids | leviosted | Wighiioated | i seves
state capacity capacity storage at
thereof 60C (%)
S| o i > o
Battery M2 oéziuiziid 101 101 71
Battery M3 ;éli:iig 102 102 74
Battery M4 :éliziig 103 102 77
Battery M5 Zéli:1ig 102 101 79
Battery M6 22;1é221i? 101 101 80
iﬁﬂgﬁ;;;i;f 3, eutectic 98 98 72
iﬁﬂﬁi:;;igf 7, eutectic 97 96 74
C{:)arr::;::aer:;:i&e None 100(standard) | 100(standard) 65
[0088]
Table 4 indicates that the batteries M2 to M6,

which used nickel oxyhydroxides including 0.5 to 10 % by

mole of manganese, exhibited high values in terms of all of



battery M7 solution Conparative 3, eutectic 98 98 72 battery MB Conparative
7, eutectic 97 96 74 battery M Conparative None 100(standard)

100(standard) 65 battery F4 [0088] Table34 indicates that the batteries M
to Mb, which used nickel oxyhydroxides including 0.5 to 10 % by nole of
manganese, exhibited high values in terns of all of 39 the |owl oaded

di scharge capacity, high-loaded di scharge capacity, and capacity retention
rate. On the other hand, the battery M, which used a nickel oxyhydroxide

i ncl udi ng 0. 3%ebyl awnl I asfe drahiganiesrge oagadiittyed High Aladades] idi ddiesmye
characteristics. This is probably because the anmpbunt of manganese is too
smal | and i tcapaerigfyor erfdaidaghdict y rmechenet s ufdtiect ent effect. Al so, the
battery M7, which used a nickel oxyhydroxide including 12% by nol e of
manganese, exhibited Onmwhal oklser nhawd: | thadedattschane wapani tyeand
hi gh-1 oaded di scharge capacity, since the content of nickel contributing to
battery capaaiiickeils axstgtdneetides naldlud {03 4wt heyle tde nidatdss, MB and
MB, in which the manganese-containing nickel oxyhydroxide was eutectic,
exhibited low values in these characteristics. This is
probably because the amount of manganese is too small and
it therefore failed to produce a sufficient effect.

Also, the battery M7, which used a nickel
oxyhydroxide including 12% by mole of manganese, exhibited
low values in low-loaded discharge capacity and high-loaded
discharge capacity, since the content of nickel
contributing to battery capacity is relatively small.

[0089]

Further, the batteries M8 and M9, in which the
manganese-containing nickel oxyhydroxide was eutectic,
exhibited relatively high values in capacity retention rate,
but their low-loaded discharge capacities and high-loaded
discharge capacities were markedly low. The reason is
probably as follows. When manganese is dissolved, the
electronic conductivity at the final stage of discharge of
a nickel oxyhydroxide is maintained high, so that manganese
dioxide can also provide a sufficient capacity, thereby
heightening the capacity. However, such effect is not
produced so well in the nickel oxyhydroxides M8 and M9.

[0090]

Example 3



exhibited relatively high values in capacity retention rate, but their
| ow- | oaded di scharge capacities and hi gh-1oaded discharge capacities were
markedly |l ow. The reason is probably as #ollows. Wen manganese is
di ssolved, the electronic conductivity at the final stage of discharge of
a ni ckel oxyhydroxide is maintained high, so that manganese di oxi de can
al so provide a sufficient capacity, thereby heightening the capacity.
However, such effect is not produced so well in the nickel oxyhydroxi des M
and MB. [0090] Exanpl @En3tHfs éramnpie, exhepheant harttahepaiteck granndar
(granul ar variation) of a nickel oxyhydroxide was exam ned. N ckel
hydr oxi des wsegigtdpar)edfi @ thicksdmoxyhydexide wWwes mxemeirsdd .on of the
ni ckel hydroxide "a", except that the volume-basis nmean particle sizes
(D50) of these nickel Nhgklebxhgésontdesvaeredptepdrad) i the &amem 15 um
and 20 um by varying the supply speed of the anmmonia water serving as a
conpl ex-i on n@anmenrg axgegiie, prepayaieion ®fadjhes nildke ISityeimixiocie/Stell | | ne
nucl eus of the nickel hydroxide precipitated in the reaction vessel and
the growt h spseépaf that riheketolhndr-wdsds pvdn deaticlke sirasltmp) of ckel
hydr oxi des were named ni ckel hydroxides xI to x5. [0091] The ni ckel
hydr oxi des Xlthie@eXnitkied MyENAE@Y were varied to 5 ¢m, 8 um, 11 um,
15 um, and 20 um by varying the supply speed of the
ammonia water serving as a complex-ion forming agent, in
order to adjust the size of crystalline nucleus of the
nickel hydroxide precipitated in the reaction vessel and
the growth speed of the nickel hydroxide particles. The
resultant nickel hydroxides were named nickel hydroxides x1
to x5.
[0091]

The nickel hydroxides x1 to x5 were analyzed by
powder X-ray diffraction analysis, and it was found that
these nickel hydroxides had a B-type crystal structure,
with manganese dissolved therein. Also, these nickel
hydroxides had a tap density of 2.1 to 2.2 g/cm3 and a BET
specific surface area of 10 to 18 m?/g.

[0092]

Next, the nickel hydroxide x1 was converted to a
nickel oxyhydroxide in the same manner as in Example 1, except
that 200 g of the nickel hydroxide x1 was used, the

temperature of the reaction solution was set to 50C, that the

amount of the added agqueous solution of sodium hypochlorite



powder X-ray diffraction analysis, and it was found that these nickel
hydr oxi des had a | 3-type crystal structure, wth nmanganese di ssol ved
therein. Al so, these nickel hydroxides hatl a tap density of 2.1 to 2.2
g/cnB and a BET specific surface area of 10 to 18 nR/g. [0092] Next, the
ni ckel hydroxide xI was converted to a nickel oxyhydroxide in the sane
manner as in Exanple 1, except that 200 g of the nickel hydroxide x| was
used, the tenperature of the reaction solution was set to 50C, that the
anount of theaaddet tgqukdusegdivalieotsof asddihah heotirkatnéet 4imenas set to
1.5 equivalents, and that the treatnent tine (stirring tine) after the
addi tion of t(s¢iagirgoutis®) wWiter dhe sdditiorhygfodhleoagheouassahitiiom 4£0
hours. [0093] Subsequently, the resultant nickel oxyhydroxide was washed
with water. Eodiuwmshypochidiitewas wat tone. 0 hiurds.t he pH of the filtrate
reached 11.5 (25t). Thereafter, the washed ni ckel oxyhydroxide was dried in
a vacuum at [@@©93flor 24 hours, to obtain a nickel oxyhydroxide X1. [0094]
Ni ckel oxyhydroxide X2 to X5 were prepared in the sane manner as the
preparati on of the niclebseguyentdygxitthe r¥lsuleenephifokelt Ryis@reixiidee ni ckel
hydr oxi des x2 to x5, respectively, instead of the nickel hydroxide xl. The

was washed with water. The washing with water was done

until the pH of the filtrate reached 11.5 (25T).

Thereafter, the washed nickel oxyhydroxide was dried in a

vacuum at 60C for 24 hours, to obtain a nickel

oxyhydroxide X1.

[0094]

Nickel oxyhydroxide X2 to X5 were prepared in the

same manner as the preparation of the nickel oxyhydroxide

X1, except for the use of the nickel hydroxides x2 to x5,

respectively, instead of the nickel hydroxide x1. The

amount of sodium ions carried on the surface of each of the

nickel oxyhydroxides X1 to X5 was approximately 0.8% by

weight of the total of the nickel oxyhydroxide and the

sodium ions.

[0095]

The nickel oxyhydroxides X1 to X5 were measured

for their mean particle size. As a result, it was found

that the nickel oxyhydroxides X1 to X5 had almost the same

mean particle sizes (Dsp) as those of the nickel hydroxides

X1l to x5, respectively. Also, the tap densities of these

nickel oxyhydroxides were in the range of 2.2 to 2.3 g/cm3,



anount of sodiumions carried on the surface of each of the nickel
oxyhydroxides XI to X5 was approximately 0.8% by weight of the total of the
ni ckel oxyhydroxi de and the sodiumions.4p0095] The ni ckel oxyhydroxi des Xl
to X5 were neasured for their nmean particle size. As aresult, it was found
t hat the nickel oxyhydroxides XI to X5 had al nobst the same nmean particle
sizes (D50) as those of the nickel hydroxides x| to x5, respectively. Also,
the tap densities of these nickel oxyhydroxides were in the range of 2.2 to
2.3 g/ cnB, 42ndaridhetiheiBEIBEpPesyicdid ismrfiadeacarereaeneerisn ithd hmangnget of 10
to 20 n2/g. [0096] The nmean val ence of nickel contained in each of the 5
ki nds of niclél tox@oyd’dgi.des was approxi mately 3.0. Also, the presence or
absence of a nickel hydroxi de was determ ned by powder X-ray diffraction
anal ysis. As[@09&dqult, no residual nickel hydroxide was found in the nickel
oxyhydroxides Xl to X5. [0097] Next, using the nickel oxyhydroxides Xl to
X5, al kaline batterieBh&XlméanXsaleneepoddnierelncbheasasd inasaeh ag in
Exanple 1. The batteries XI and X5 are conparative batteries. [0098]
the 5 kinds of nickel oxyhydroxides was approximately 3.0.
Also, the presence or absence of a nickel
hydroxide was determined by powder X-ray diffraction
analysis. As a result, no residual nickel hydroxide was
found in the nickel oxyhydroxides X1 to X5.
[0097]
Next, using the nickel oxyhydroxides X1 to X5,
alkaline batteries X1 to X5 were produced in the same
manner as in Example 1. The batteries X1 and X5 are
comparative batteries.
[0098]
The batteries X1 to X5 thus produced were
measured for their low-loaded discharge capacity, high-
loaded discharge capacity and post-storage capacity
retention rate. Table 5 shows the results. The low-loaded
discharge capacities and high-loaded discharge capacities
shown in Table 5 are percentages relative to the low-loaded
discharge capacity and high-loaded discharge capacity of
the comparative battery F4, respectively, in the same
manner as in Table 3. Table 5 also shows the mean particle

size (Dsg) of the nickel oxyhydroxide included in each

battery.



The batteries XI to X5 thus produced were neasured for their |ow | oaded

di scharge capacity, high- | oaded di scharge capacity and post-storage
capacity retention rate. Table 5 shows thé results. The | ow | oaded

di scharge capacities and hi gh-1oaded di scharge capacities shown in Table 5
are percentages relative to the | ow|oaded discharge capacity and

hi gh-1 oaded di scharge capacity of the conparative battery F4, respectively,
in the sane nmanner as in Table 3. Table 5 al so shows the nean particle

si ze (D50) ofl &4%&€ Ini ckel oxyhydroxide included in each battery. 43 [0099]
[ Tabl e 5] Mean Capacity particle retention Low | oaded Hi gh-loaded size
(D50) of ratelﬁﬁbge S5hi ckel discharge discharge 1-week oxyhydroxide

o Wa S AN HAY

capaci ty capacitystorage gkag um60C(1)—Conmparative 5998 A sbattery
X1 Battery X2 8 103 102 HartBatd erly X3 11 103 {103 79 Batterﬂiiﬂt 103 103
76 Conparafive 20 100 8£e66D,) of | Low-loaded | High-loaded | rate after
nickel dlscha_rge dlscha.rge 1-week
oxyhydroxide capacity capacity storage at
(um) 60°C (%)
Comparative
battery X1 5 99 99 67
Battery X2 8 103 102 77
Battery X3 11 103 103 79
Battery X4 15 103 103 76
Comparative
battery X5 20 100 99 66
Comparative
battery F4 10 100 (standard) | 100(standard) 65
{0100]

As shown in Table 5, the batteries X2 to X4,
which used nickel oxyhydroxides with volume-basis mean
particle sizes (D;,) of 8 to 15 um, exhibited high values
in all of the low-loaded discharge capacity, high-loaded
discharge capacity, and capacity retention rate.

[0101]

On the other hand, the battery X1, which used a
nickel oxyhydroxide with a small mean particle size of
5 um, and the battery X5, which used a nickel oxyhydroxide
with a large mean particle size of 20 um, did not exhibit
satisfactory values in low-loaded discharge capacity, high-
loaded discharge capacity and capacity retention rate.
Although the reason of such difference has not been fully

elucidated at this moment, it is considered as follows.



battery XS Conparative 10 100(standard) 100(standard) 65 battery F4 [0100]
As shown in Table 5, the batteries X2 to X4, which used nickel

oxyhydroxi des with vol une-basi s nean parf‘f*cl e sizes (D50) of 8 to 15 Mnm
exhi bited high values in all of the | ow | oaded discharge capacity,

hi gh-1 oaded di scharge capacity, and capacity retention rate. [0101] On the
ot her hand, the battery Xl, which used a nickel oxyhydroxide with a snall
mean particle size of 5 Mn and_the battery X5, which used a nickel
oxyhydr oxi de ThAt HSa Wyede amBkedr Py dsioxd dsy WidhvR BRTE Idie Sdieiqt
satisfactory values in | ow| oaded discharge capacity, high- |oaded discharge
capaci ty and #fmAn 2¢ dtents difadat dhe Aegreggiett isd ecdadsplofconi@st

di fference has not been fully elucidated at this nonent, it is considered

as fol l ows. Xdetwpees Oositifyen edantdedle gdpipieonagddiblias anghrihel e size of
5 gmor 20 umis used, the degree of electrical contact between positive
el ectrode mi eth@cdigar ondus tHyd thef dheingld edeh@sadaiateditherevidh et s
associated therewith are relatively poor. Particularly, this becones
evi dent whemnehgedaltfivilscipmoge oParhacnilakél . okhhgdbexicnes evadéodtivity
deterioration of particle surface) proceeds during the one week storage at
60t . when the self-discharge of the nickel oxyhydroxide

(conductivity deterioration of particle surface) proceeds

during the one week storage at 60%C.

[0102]

Also, another experiment was conducted in which

the mean particle size of electrolytic manganese dioxide

contained in the positive electrode mixture was varied in

the range of 30 to 50 um, the mean particle size of

graphite was varied in the range of 5 to 20 um, or the

mixing ratio of a nickel oxyhydroxide was varied.

Although the details are not described herein, it was shown

that the capacity retention rate of the resultant battery

after one-week storage at 60°C was related with the mean

particle size of the nickel oxyhydroxide. That is, it was

confirmed that the use of a nickel oxvhydroxide with a

volume-basis mean particle size (D,,) of 8 to 15 um

provides good capacity retention rate.

[0103]

As described above, it was found that adjusting

the mean particle size of a nickel oxyhydroxide in the

range of 8 to 15 um is extremely important in terms of



[0102] Al so, another experinment was conducted in which the nean particle
size of electrolytic manganese dioxide contained in the positive el ectrode
m xture was varied in the range of 30 t 0480 km the nean particle size of
graphite was varied in the range of 5 to 20 m or the mxing ratio of a

ni ckel oxyhydroxi de was varied. Al though the details are not described
herein, it was shown that the capacity retention rate of the resultant
battery after one-week storage at 60C was related with the nmean particle

size of the MECREANExPhFERBXPReCARAGE Y sanflt SHaZadEoRETERENARASL t he use of
a ni ckel oxyhydroxide with a volune-basis nean particle size (D50) of 8 to
15 um providé@- od capacity retention rate. [0103] As described above, it
was found that adjusting the nean particle size of a nickel oxyhydroxide in
the range ofEX@mpdel8 mis extrenely inportant in terms of 45 securing
di scharge capacity and storage performance. [0104] Exanple 4 In this
exanpl e, an experi nent Ina§hésngyampde; nanopyperinenbt WpA tppdna§sdr égar di ng
the nickel mean valence of a nickel oxyhydroxide. A nickel hydroxide was
converted toaxdecikel ohhainy diimdidws readerdiae themacksl imedix plende
except

of a nickel oxyhydroxide.

A nickel hydroxide was converted to a nickel

oxyhydroxide in the same manner as in Example 1, except

that 200 g of the nickel hydroxide "a” (composition:

Ni, 4sMn, ,s(OH),) prepared in Example 1 was used, that the

temperature of the reaction solution was set to 50°C, that the

amount of the added aqueous solution of sodium hypochlorite

was varied to 0.9 equivalent, 1.0 equivalent, 1.2

equivalents, 2.0 equivalents, 2.5 equivalents, or 3.0

equivalents, and that the treatment time (stirring time)

after the addition of the aqueous solution of sodium

hypochlorite was set to 6.0 hours.

[0105]

Subsequently, the resultant 6 kinds of nickel

oxyhydroxides were washed with water. The washing with

water was done until the pH of the filtrate reached 11.5

(25°C). Thereafter, the washed nickel oxyhydroxides were

dried in a vacuum at 60C for 24 hours, to obtain nickel

oxyhydroxides Y1 to Y6. The amount of sodium ions carried

on the surface of each nickel oxyhydroxide was

approximately 0.8% by weight of the total of the nickel



that 200 g of the nickel hydroxide "a" (conposition: N 0.95WM0.05 (CH) z)
prepared in Exanple 1 was used, that the tenperature of the reaction
sol ution was set to 50 C, that the anmount®of the added aqueous sol ution of
sodi um hypochlorite was varied to 0.9 equivalent, 1.0 equivalent, 1.2
equi val ents, 2.0 equivalents, 2.5 equivalents, or 3.0 equivalents, and that
the treatnent tinme (stirring tinme) after the addition of the aqueous
sol ution of sodium hypochlorite was set to 6.0 hours. [0105] Subsequently,
t he resul t antCXFarestige anckdihe oV dandes were washed with water. The
washing with water was done until the pH of the filtrate reached 11.5
(25t). Thered®6] t he washed nickel oxyhydroxides were dried in a vacuum
at 600C for 24 hours, to obtain nickel oxyhydroxides Y1 to Y6. The anpunt
of sodiumions carriedThenresitl tantt &c&iptsedh ndickled] oxwdmoxiides hasl
approximately 0.8% by weight of the total of the nickel 46 oxyhydroxide and
t he sodi um i éngoluyetds]s Iphaqass Harsicle iugs (s, hi ak aprigaiersd ves had
a vol unme-basis nmean particle size (D50) of approximately 10 um a tap
density of afer axm. et elap Aeh gt approBikateshec 3 ogsun, aandareBEAf 10
to 15 nR/g. [0107] The mean val ence of nickel contained in each of

specific surface area of 10 to 15 m?/g.

[0107]

The mean valence of nickel contained in each of
the resultant nickel oxyhydroxides was measured. Table 6
shows the results. Table 6 also shows the amounts of the

added aqueous solution of sodium hypochlorite.

[0108]
[Table 6]
Amount of
Nickel aqueous solution .Mﬁa? valinqe gf.
oxyhydroxide of sodium nicxe. contained in
hypochlorite nickel oxyhydroxide

Y1 0.9 equivalents 2.89

Y2 1.0 equivalents 2.93

Y3 1.2 equivalents 2.95

Y4 2.0 equivalents 3.02

Y5 2.5 equivalents 3.05

Y6 3.0 equivalents 3.07
[0109]

Next, using the nickel oxyhydroxides Y1 to Y6,
alkaline batteries Y1l to Y6 were produced in the same
manner as in Example 1.

[0110]

The batteries Y1 to Y6 thus produced were



the resul tant ni ckel oxyhydroxi des was neasured. Table 6 shows the results.
Table 6 al so shows the anpbunts of the added aqueous sol ution of sodium
hypochlorite. [0108] [Table 6] Anobunt of 4¥kan val ence of Ni ckel aqueous
solution nickel contained in oxyhydroxide of sodium nickel oxyhydroxide
hypochlorite Y1 0.9 equivalents 2.89 Y2 1.0 equivalents 2.93 Y3 1.2

equi valents 2.95 Y4 2.0 equivalents 3.02 Y5 2.5 equivalents 3.05 Y6 3.0
equi valents 3.07 [0109] Next, using the nickel oxyhydroxides Yl to Y6,

al kal i ne bat M&dsdyred {oFr Vhedd: eloﬁ‘f‘gdl?@@tﬂ iH s deCanaginet - 459 Exanpl e
1. [0110] The batteries Yl to Y6 thus produced were 47 neasured for their

| ow | oaded dil®@tadsicghanas canami-ty cawk Pl seRIC fARa%itand
post-storage capacity retention rate in the sane manner as in Exanple 1.
Tabl e 7 showetemdiais Hate Imhdhepgansadannds dfarige amplie iles Jadle 7

hi gh-1 oaded di scharge capacities shown in Table 7 are
shows the results. The low-loaded discharge capacities and

high-loaded discharge capacities shown in Table 7 are
percentages relative to the low-loaded discharge capacity
and high-loaded discharge capacity of the comparative

battery F4, respectively.

[0111]
[Table 7]
Capacity
Low-loaded High-loaded retention rate
discharge discharge after 1l-week
capacity capacity storage at 60°C
(%)
Battery Y1 98 98 73
Battery Y2 100 99 77
Battery Y3 101 101 79
Battery Y4 103 103 80
Battery Y5 103 102 80
Battery Y6 103 98 80
Comparative
battery F4 100(standard) | 100(standard) 65
[0112]

As shown in Table 7, the batteries Y3 to ¥5 with
nickel mean valences of 2.95 to 3.05 exhibited high wvalues
in all of the low-loaded discharge capacity, high-loaded
discharge capacity, and capacity retention rate.

The batteries Y1 and Y2 with nickel mean valences

of less than 2.95 exhibited slightly lower discharge



percentages relative to the | ow | oaded discharge capacity and high-Ioaded
di scharge capacity of the conparative battery F4, respectively. [0111]
[ Tabl e 7] Capacity Low | oaded Hi gh-1oaded8retention rate discharge
di scharge after 1-week capacity capacity storage at 60C ($) Battery Y1l 98
98 73 Battery Y2 100 99 77 Battery Y3 101 101 79 Battery Y4 103 103 80
Battery Y5 103 102 80 Battery Y6 103 98 80 Conparative 100(standard)
100(standard) 65 battery F4 [0112] As shown in Table 7, the batteries Y3 to
Y5 with niclelparddiesal eige® dfhe? c@pacd ty @F atte biitakehigtyhsednmeside n al |
of the | ow | oaded di scharge capacity, high-loaded discharge capacity, and
capacity ret eeid emirtatweidhite Hestamers des¥l and Y2 with nickel nean val ences
of less than 2.95 exhibited slightly |ower discharge 48 capacities, since
t he capacity of the niThel bakybydrv&iweth a nickel mean valence of
higher than 3.05 exhibited a slightly lower high-loaded
discharge capacity. This is probably because if the nickel
valence becomes very high, the ratio of inactive 7-type
structure in the nickel oxyhydroxide increases.
As described above, in the present invention, it
is preferred to adjust the mean valence of nickel contained
in a nickel oxyhydroxide in the range of 2.95 to 3.05.
It should be noted that all of these batteries
have good storage characteristics and these batteries
therefore produce sufficient effects in applications where
particularly storage characteristics are important.
[0113]
Example 5
In this example, the water-washing conditions of
a nickel oxyhydroxide were examined. It should be noted
that a change in water-washing conditions causes a change
in the amount of sodium ions carried on the particle
surface of the nickel oxyhydroxide.
[0114]
A nickel hydroxide was converted to a nickel
oxyhydroxide in the same manner as in Example 1, except

that 200 g of the nickel hydroxide "a” (composition:

Ni, ,:Mn, ,,(OH),) prepared in Example 1 was used, that the



per unit weight becones | ess. The battery Y6 with a nickel nmean val ence of
hi gher than 3.05 exhibited a slightly | ower high-loaded discharge capacity.
This is probably because if the nickel vdPence becones very high, the ratio
of inactive T-type structure in the nickel oxyhydroxide increases. As
descri bed above, in the present invention, it is preferred to adjust the
nmean val ence of nickel contained in a nickel oxyhydroxide in the range of
2.95 to 3.05. It should be noted that all of these batteries have good

st orage char aemperstiuce afidthéasmdidiohesogatibhevad aget o0BOER, siHat aihent
effects in applications where particularly storage characteristics are

i nportant. [ Ghk8int Bdaniie &ided tdgwesxangdbitide ofitsydives hypoclohoiitens
of a nickel oxyhydroxide were exam ned. It should be noted that a change

i n wat er - washiayy ssondid i ors expuiseslentchangsl thatt hheatpeatmeait stoidieum i ons
carried on the particle surface of the nickel oxyhydroxide. [0114] A nickel
hydr oxi de was(stdnrehgedine) safterkalhe addhydonxoflethd ddioctsdngonannen &6 i n
Exanpl e 1, except that 200 g of the nickel hydroxide "a" (composition:

Ni 0, 95Mho_os(dddiZin pyBpahesri te R ple? toWasousedlrsf hat the 49 tenperature

of the reaction solution was set to 50C, that the
[0115]

Subsequently, the resultant nickel oxyhydroxide
was washed with water. The washing with water was
terminated at the point when the pH (25C) of the filtrate
reached 12.5, 12.0, 11.5, 11.0, or 10.5. Each nickel
oxyhydroxide after the water-washing was dried in a vacuum
at 60C for 24 hours, to obtain nickel oxyhydroxides W1l to
WS with different amounts of sodium ions carried on the
surface.

[0116]

The resultant five kinds of nickel oxyhydroxides
Wl to W5 had a mean particle sizes (D,,) of approximately
10 um. Also, these nickel oxyhydroxides had a tap density
of approximately 2.3 g/cm’ and a BET specific surface area
of 10 to 15 m?*/g.

[0117]

The amount of sodium ions carried on the surface of
each nickel oxyhydroxide was measured. Table 8 shows the
results. Also, Table 8 shows the pH of filtrate derived

from water used to wash each nickel oxyhydroxide.

[0118]



anount of the added aqueous sol ution of sodium hypochlorite was set to 1.5
equi valents, and that the treatnent tine (stirring tine) after the addition
of the aqueous solution of sodium hypochbdrite was set to 4.0 hours. [0115]
Subsequently, the resultant nickel oxyhydroxide was washed with water. The
washing with water was termnated at the point when the pH (25C) of the
filtrate reached 12.5, 12.0, 11.5, 11.0, or 10.5. Each nickel oxyhydroxide
after the water-washing was dried in a vacuum at 60C for 24 hours, to

obt ai n ni ckellTaxyley@loxi des WL to Wb with different anmpbunts of sodi umions

carried on phe—suriace: r“;%pkiﬂﬁ%tge?ultgﬂ@iﬁfxpiégggﬁg?ﬁ—ﬁkcke
oxyhydr oxi des Nitked Wb hgge-vgg oharticl e carzes k approximately 10
um Al so, thesewdrekede oxypysheaxi had, 3n{ AB<HEN St ¥aceOfr@pPI Oxi matel y 2.3
g/ cnB and BET specifi ¢ SUqugeSared of IO to 1 1 : The anmount
of sodiumijons carried ¢on the Surface of each nicKél oxyhydroxi de was
measured. Tabl e &2shows|{the neswults. A so, Tabl eo®s8shows the pH of filtrate

derived fronlwagsr usel—to mqihseach rcket oxyﬁyq%oxide. [0118] 50 [Table
8] . .

w4 11.0 0.51
W5 10.5 0.39
[0119]

Next, using the nickel oxyhydroxides W1l to W5,
alkaline batteries W1l to W5 were produced in the same
manner as in Example 1.

[0120]

The batteries W1 to W5 thus produced were
measured for their low-loaded discharge capacity, high-
loaded discharge capacity.and post-storage capacity
retention rate in the same manner as in Example 1. Table 9
shows the results. The low-loaded discharge capacities and
high-loaded discharge capacities shown in Table 9 are
percentages relative to the low-loaded discharge capacity
and high-loaded discharge capacity of the comparative
battery F4, respectively.

[0121]



Ni ckel
carried on
12.0 0.98

ni ckel oxyh

the sane manner as in Exanple 1.
produced were

| oaded di sc
sane nmanner
di scharge c
are percen
hi gh-1 oaded
[0121] 51

pH of filtrate Anpbunt of sodiumion

oxyNi ckel i de derived from

ni ckel washed wat er oxyhydroxide surface (wt% WL 12.5 1.42 W
WB 11.5 0.76 W 11.0 0.51 Ws>310.5 0.39 [0119] Next, using the
ydroxides WL to Wb, alkaline batteries WL to Wb were produced in
[0120] The batteries WL to W5 thus

| ow- | oaded di scharge capacity, high-

hggge capacity and post-storage capacity retention rate in the
dleedhple 1. Table 9 shows the results. The | ow | oaded

nmeasured for their

apacitTes apd —hi gh-toaged di scharge cam@phti®s stpwn in Table 9
fages rel at|veokdahgs | pvuigpadeshedi $chetgeicapacety and
di schar ge capacchyrgef {helicenpajeat | veafteat tovegkF4) respectively.
| Tabl e 9] Capacéapacityow | oaaestdiky ght | stadade raat oiCi On rate
(%)

Battery Wl 101 100 69

Battery W2 103 103 77

Battery W3 103 102 78

Battery W4 102 101 77

Battery W5 100 100 72

Comparative

battery F4 | 100(standard) | 100(standard) 65

[0122]

As shown in Table 9, the batteries W2 to W4, in
which the pH of filtrate derived from washed water was 11.0
to 12.0 and the amount of sodium ions carried on the
surface was in the range of 0.5 to 1 % by weight of the
total of the nickel oxyhydroxide and the sodium ions,
exhibited high values in all of the low-loaded discharge
capacity, high-loaded discharge capacity, and capacity
retention rate.

[0123]

On the other hand, the battery W1, in which the
amount of sodium ions carried on the surface was greater
than 1% by weight, exhibited performance degradation mainly
in terms of storage characteristics, since the sodium ions

have a strong effect as an impurity. Also, the battery W5,

in which the amount of sodium jions carried on the surface

was less than 0.5% by weight, exhibited little improvement



di scharge di scharge after 1-week capacity capacity storage at 60 C (U
Battery WL 101 100 69 Battery W2 103 103_77 Battery WB 103 102 78 Battery
W 102 101 77 Battery Wb 100 100 72 Can rative 100(standard)

100(standard) 65 battery F4 [0122] As shown in Table 9, the batteries W to
WL, in which the pH of filtrate derived fromwashed water was 11.0 to 12.0
and the anount of sodiumions carried on the surface was in the range of

0.5 to 1 % by weight, of_ the tal. of the njckel oxyhydroxjde and the sodi um
Cons. * exhi bk d i grasstend Bin-Toadsh HGihuHt C S e S, by,

hi gh-1 oaded di scharge capaci.ty, and capacity .retention rate. [0123] On the
ot her hand, t’?‘?@%ge?)m\%aqﬁ&\ﬂﬁ diphpws 'anﬁﬂrﬁf’eoﬁ:h%&f“lﬁ’l’ﬁnitor?sf (?é’lﬁlﬂiuéh on
the surface was greater _ than 1% by wei ght, exhibited performance
degradati on 0 S iFhaldrnethst & haichiedr it it 5face nla¥®ei um
lons have a strong effect as an inpurity. Al so, the battery Wo, in which

t he amount ofefsddiuRidiml M shidhe s @Fade exeT aRen Hiksehangey

wei ght, exhibited little inprovenent
thereby resulting in insufficient capacity.

[0124]
Example 6

In this example, the mixing ratio of a nickel
oxyhydroxide in the positive electrode mixture was examined.

Electrolytic manganese dioxide with a volume-
basis mean particle size of 40 um, the nickel oxyhydroxide
A4 prepared in Example 1, and artificial graphite (SP grade
available from Nippon Graphite Industries, Ltd.; mean
particle size 15 um) were mixed together in 10 kinds of
weight ratios as listed in Table 10, to obtain powder
mixtures. Alkaline batteries 21 to 210 were produced in
the same manner as in Example 1, except for the use of
these powder mixtures. The batteries Z1 and Z10 are
comparative batteries.

[0125]

The batteries Z1 to Z10 thus produced were
measured for their low-loaded discharge capacity and high-
loaded discharge capacity in the same manner as in Example
1. Table 10 shows the results. Also, the low-loaded
discharge capacities and high-loaded discharge capacities

shown in Table 10 are percentages relative to the low-



The reason is

ions is small, the val ence
oxyhydroxi de is apt to | ower
[0124] Exanple
oxyhydroxide in the

El ectrol yti c manganese di oxi de
with a volu basis nmean particle size of. 40 um_ the nickel oxyhydroxide
prepared i nn%@%ﬁlde dii sChaF g CAPAGLEY GrSphied-des d&sch@fidsbl e from
Ni ppon Graphite Industries, Ltd.; nean particle sjize 15 unm) were m xed
toget her in FEPECAdY &F WS JAMBERdtIYe LIty B4 EHIRCABIVe LY obtAhSP -
powder mxtures. Alkaline batteries Z1 to Z10 were produced in the sane
manner as i nTBPAPplE Fhogdcdpe Mdxinge Tgdd oot EHesd fodwddC Manganase The
batteries ZI and Z10 are conparative batteries. [0125] The batteries Z1 to
Z10 thus prodde&ddger dhemddsiedd opghydrerd deowanda @@ Piiideh &g aiqiti¥y and
hi gh- | oaded di scharge capacity in the same manner as in Exanple 1. Table
10 shows t he thesposdtiNes¢leaia adewmigiyas @fs dher gompagadiiveePadiery

hi gh-1 oaded %&scharge capacities shown in Table 10 are percentages relative
to the | ow .

52 in | owloaded and hi gh-l oaded di scharge capacities.
probably as follows. Since the anpbunt of godium

of nickel on the surface |ayer of the ni kel
upon di scharge, thereby resulting in insufficient capacity.
6 In this exanple, the mxing ratio of a nickel
positive el ectrode m xture was exam ned.
A4

[0126]
[Table 10]
Mixing ratio of positive Low-loaded | High-loaded
] (wt2) discharge discharge
electrode mixture (w capacity capacity
Electrolytic .
manganese o glgiiiide Graphite
dioxide xyhy
Comparative
battery 71 95 0 5 108 81
Battery 272 90 5 5 107 92
Battery 73 85 10 5 106 101
Battery 74 80 15 5 106 102
Battery Z5 65 30 5 104 103
Battery 76 30 65 5 103 104
Battery 27 15 80 5 101 105
Battery 28 10 85 5 98 105
Battery Z9 5 90 5 96 106
Comparative
battery z10 0 95 5 95 106
Comparative
battery F4 50 45 5 100(standard) | 100(standard)
{0127]
As shown in Table 10, the batteries Z8, Z9 and
210, in which the ratio of the nickel oxyhydroxide A4 was

greater than 80% by weight,

loaded discharge capacity.

The batteries Z1 and Z2,

exhibited decreases in low-

in




53 | oaded di scharge capacity and hi gh-1oaded di scharge capacity of the
conparative battery F4, respectively. Also, Table 10 shows the mxing ratio
of electrolytic nmanganese dioxide, the nPkel oxyhydroxi de, and graphite
contained in the positive electrode mxture of the conparative battery F4.
[0126] [Table 10] Mxing ratio of positive Low | oaded H gh-| oaded

di scharge discharge electrode mxture (W% capacity capacity Electrolytic

Ni ckel manganese oxyhydroxi de G aphite dioxide Conparative 95 0 5 108 81

battery z1 B3¥Pdshy the gatdos Ofofhyz nigkele OryRy dRpxfigies ApgragpLessaihay z4

80 15 5 106 102 Battery 75 65 30 5 104 103 Battery 76 30 65 5 103 104
Battery z7 13030by ¥eid epyibditipd gerregpses da tigh Baaded dsahaxgs 96

106 Conparative 0 95 5 95 106 battery Z10
capacity. These results indicate that it is preferable

that 10 to 80 % by weight of a nickel oxyhydroxide
including manganese be included in the positive electrode
mixture since it provides both good low-lcocaded discharge
capacity and good high-loaded discharge capacity.

[0128]

Also, the batteries Z1 to Z10 are superior in at
least one of the high-loaded discharge capacity and the
low-loaded discharge capacity. Thus, the use of these
batteries in applications suited for their characteristics
can produce sufficient effects.

[0129]
Example 7

In this example, the mixing ratio of graphite
serving as the conductive agent in the positive electrode
mixture was examined.

The electrolytic manganese dioxide used in
Example 1 and the nickel oxyhydroxide A4 prepared in
Example 1 were mixed together in a weight ratio of 1:1.
The graphite used in Example 1 was added thereto in 6 kinds
of weight ratios relative to the positive electrode mixture
as listed in Table 11, whereby 6 kinds of powder mixtures
were obtained. Alkaline batteries Ul to U6 were produced

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



Conparative 50 45 5 100(standard) 100(standard) battery F4 [0127] As shown
in Table 10, the batteries 2Z8, Z9 and Z10, in which the ratio of the nickel
oxyhydroxi de A4 was greater than 80% by §Eight, exhi bited decreases in | ow
| oaded di scharge capacity. The batteries Z1 and Z2, in 54 which the ratio
of the nickel oxyhydroxide A4 was |ess than 10% by wei ght, exhibited
decreases in high-1oaded discharge capacity. These results indicate that it
is preferable that 10 to 80 % by wei ght of a nickel oxyhydroxide including
manganese be thf8euPYdeF MI&EIPESi ve el ectrode mixture since it provides
bot h good | ow | oaded di scharge capacity and good hi gh-| oaded di scharge
capacity. [01#d130dl so, the batteries Z1 to z10 are superior in at |east one
of the high-loaded discharge capacity and the |ow | oaded di scharge
capacity. Thus, the us@heseibhpkierieg ikt V6 Hyps irzedeeedsvered for their
characteristics can produce sufficient effects. [0129] Exanple 7 In this
exanpl e, themeaguRed fidw tdfeigy A tloadast \Aimrhayr aehecamaidst iamd dyegh- i n
the positive electrode mxture was exam ned. The el ectrol yti c nanganese

di oxi de used ligaded discharge capacity in the same manner as in Example

1. Table 11 shows the results. The low-loaded discharge
capacities and high-loaded discharge capacities shown in
Table 11 are percentages relative to the low-loaded
discharge capacity and high-loaded discharge capacity of
the comparative battery F4, respectively. Table 11 also
shows the amount of graphite contained in the positive

electrode mixture of the comparative battery F4.

[0131]
[Table 11]

Ratio of

graphite

to Low-loaded High-loaded

positive discharge discharge

electrode capacity capacity

mixture

(wt%)

Battery Ul 2 101 100
Battery U2 3 102 101
Battery U3 5 103 103
Battery U4 8 102 103
Battery U5 10 101 104
Battery U6 12 97 102
Comparative
battery F4 5 100(standard) | 100(standard)
[0132]

As shown in Table 11,

it was found that the




Exanpl e 1 and the nickel oxyhydroxide A4 prepared in Exanple 1 were m xed
together in a weight ratio of 1:1. The graphite used in Exanple 1 was added
thereto in 6 kinds of weight ratios rela?gve to the positive el ectrode

m xture as listed in Table 11, whereby 6 kinds of powder m xtures were
obtained. Al kaline batteries Ul to U6 were produced in the sane manner as
in Exanple 1, except for the use of 55 these powder m xtures. [0130] These
batteries Ul to U6 thus _produced were neasured for their | ow | oaded

di schar ge caPfdSCTecd HAGREUeTdTdd CGi SEFaPGE LSy Yy 99 &hehd Hfanner as
in Exanple 1. Table 11 shows the results. The | ow | gaded .di scharge
capaci ti es af@tAPgREl 9xadhidies KRG Pedpdd (Hhes POSGE Vien e IEaRRCIEL are
percentages relative to the | ow|oaded  discharge cagacitﬁ and hu%h-loaded
di scharge capd&itiyFeofis thd&ocdPpar Ry Veughtt-er JhEabatEgpEclilveip. whdkshe 11
al so shows the anount of graphite contained in the positive electrode
m xture of t h&ecHigdingt Nad UeatofegFaphitep izl lessTdbee BR Rawed Bt graphite
to Low | oaded Hi gh-| oaded positive discharge discharge electrode capacity
capacity exhibited a slight decrease particularly in high-loaded
discharge capacity, since the conductive network inside the
positive electrode mixture becomes imperfect. In the case
of the battery U6, in which the mixing ratio of graphite is
greater than 10% by weight, the ratio of the active
materials in the positive electrode mixture becomes
relatively low, and it is probably for this reason the
energy density decreases in low-loaded discharge. These
results indicate that in the present invention it is
preferred that 3 to 10 % by weight of the conductive agent
be contained in the positive electrode mixture.
Also, each of the batteries Ul to U6 has an
advantage over the comparative battery F4. Thus, the use
of any of the batteries Ul to U6 in applications suited for
their characteristics can produce sufficient effects.
[0133]
Further, the foregoing examples relate to the use
of nickel oxyhydroxides including manganese, having a tap
density of 2.2 to 2.3 g/cm’ and a BET specific surface area
of 10 to 20 m’/g. In consideration of the density at which

nickel oxyhydroxide powder including manganese is filled

into the battery case, the tap density is preferably 2.15



m xture (wt% Battery UL 2 101 100 Battery U2 3 102 101 Battery U3 5 103
103 Battery W 8 102 103 Battery Us 10 101 104 Battery U6 12 97 102
Conparative 5 100(standard) 100(standard)®? battery F4 [0132] As shown in
Table 11, it was found that the 56 discharge characteristics are
particularly good when the ratio of graphite contained in the positive
electrode mxture is 3 to 10 % by weight. The battery Ul, in which the
m xing ratio of graphite is |ess than 3% by weight, exhibited a slight
decrease par 8V €W 2T ymeFe hi gt Iwerﬁ%r@e%@pdﬂﬁ%gfﬁw tfe the
conductive network inside the positive electrode m xture becones inperfect.
In the case P@FitR¥epgilesityods Mixtumec Withe thexedgctaolytef igisdsle tthe s
greater than 10% by weight, the ratio of the active materials in the
positive el ebatsgeyni kher BEfesored ficekarifacky arew, ignorief erabdiyoliablthef or
this reason the energy density decreases in | ow| oaded discharge. These
resul ts indi zanget R4t 5i fot B® prégent invention it is preferred that 3 to 10
% by wei ght of the conductive agent

[0134]

The foregoing examples used nickel oxyhydroxides
including manganese alone, but the use of nickel
oxyhydroxides including manganese and a smaller amount of
another element than manganese, such as zinc or cobalt, can
produce essentially the same results.

Also, the foregoing examples used graphite as the
conductive agent, but the use of one of various carbon
blacks and fibrous carbon alone or in combination with
graphite as the conductive agent can produce the essential
effects of the present invention.

[0135]

Further, the present invention is applicable to
batteries of other structures, such as alkaline button or
rectangular type, than the so-called inside-out type
alkaline battery as produced in the foregoing examples in
which the tubular positive electrode mixture pellets, the
separator, the gel negative electrode, etc., are placed in
the cylindrical positive electrode case.

Industrial Applicability
[0136]

The present invention can provide an alkaline



be contained in the positive electrode m xture. Al so, each of the batteries
Ul to U6 has an advantage over the conparative battery F4. Thus, the use

of any of the batteries UL to U6 in appIiE%tions suited for their
characteristics can produce sufficient effects. [0133] Further, the
foregoing exanples relate to the use of nickel oxyhydroxides including
manganese, having a tap density of 2.2 to 2.3 g/cnB and a BET specific
surface area, of 10 to 20 n2/g. In consideration of the density at which

ni ckel oxyhy®a®liedy BRVdE9 Oy FaRg g &Rés dMPEoviad &FO0538% the battery
case, the tap_density is preferably 2.15 57 g/cnB or nore. In consideration
of the inprefRahast eI SHES -poSPEPvarepdklbie RRALEFE GRPhPEhESELecEPd yt e
inside the battery, the BET specific surface area_is preferably in the
range of 5 t&XBOPIE.gas FIB4POMEE SOUESE @ Te PRFHAPd &£ Ghinaeic
oxyhydroxi des including manganese al one, but the use of nickel
oxyhydr oxi desl&vid@&sdi ng manganese and a snal | er anount of another el enent

t han manganese, such as zinc or cobalt, can produce essentially the sane
results. Also, the foregoing exanples used graphite as the conductive
agent, but the use of one of various carbon blacks and fibrous carbon al one
or in conbination with graphite as the conductive agent can produce the
essenti al



effects of the present invention. [0135] Further, the present invention is
applicable to batteries of other structuggs, such as al kaline button or
rectangul ar type, than the so-called inside-out type alkaline battery as
produced in the foregoing exanples in which the tubular positive el ectrode
m xture pellets, the separator, the gel negative electrode, etc., are
placed in the cylindrical positive electrode case. Industrial Applicability
[ 0136] The present invention can provide_an_ al kaline 58 battery having high
capacity and inproved storage char act eFF8tM8s. Such an al kal i ne battery can
be used, for exanple, as the power source for portable electronic devices.
59 CLAIMS 1. An alkaline battery conprising a positive electrode m xture,
a negative el ectrode, and a separator _ interposed between said positive

el ectrode mixture and 3$ai PP 1ire hatteoreconrr s e @i ResStiL¥er ode

m xt ure includiqug ni ckel oxyhydroxi de, manganese di oxi de and a conductive

agent, wher eifiqebradg digtd . gt e iarlinnids. and a separator

interposed between said positive electrode mixture and said
negative electrode,

said positive electrode mixture including a
nickel oxyhydroxide, manganese dioxide and a conductive
agent,

wherein (1) said nickel oxyhydroxide includes at
least manganese dissolved therein, and said manganese
accounts for 0.5 to 10 % by mole of the total amount of
metal elements contained in said nickel oxyhydroxide,

(2) said nickel oxyhydroxide mainly has a B-type
crystal structure, and

(3) said nickel oxyhydroxide has a volume-basis
mean particle size of 8 to 15 um.

2. The alkaline battery in accordance with claim
1, wherein said nickel oxyhydroxide has at least one of the
physical properties of:

(4) a nickel mean valence of 2.95 to 3.05;

(5) a tap density of 2.15 g/cm’ or more; and

(6) a BET specific surface area of 5 to 20 m’/g.

3. The alkaline battery in accordance with claim
1, wherein said nickel oxyhydroxide has sodium ions on the

surface thereof, and said sodium ions account for 0.5 to



| east manganese di ssol ved therein, and said manganese accounts for 0.5 to
10 % by nole of the total anpbunt of netal elenments contained in said nickel
oxyhydr oxi de, (2) said nickel oxyhydroxi d®®nainly has a A-type crystal
structure, and (3) said nickel oxyhydroxide has a vol une-basis mnean
particle size of 8 to 15 m 2. The al kaline battery in accordance wth claim
1, wherein said nickel oxyhydroxide has at |east one of the physi cal
properties of: (4) a nickel nmean valence of 2.95 to (5) atap denS|ty
of 2.15 g/ cnd & Momeidhtd ofe)the drtadped ﬁaéds@rlicé‘@el %&Y&r%ﬂﬁ 2nde/ g
3. The al kaline battery in accordance with claim 1, wherein said nickel
oxyhydr oxi de S9d4l $OHiWR 198S-on the surface ther eof, and sai d sodiumions
account for 0.5 to 60 1 % by weight of the total of said nickel .
oxyhydroxi de and sai d4sodiiind Ling bafdenkan meerrdanse il decotaitice
with claim 1, wherein said nickel oxyhydroxide accounts for 10 to 80 % by
wei ght of saild phsineive s@isk ivigdke lnioxyiyslroxidephacgamitimgamtiro &0 2
accordance with claim 1, wherein said conductive agent is graphite, and
said graphity aredalrit off ¢aildl tpesi( i%eh\e esitgipdeomisdiureposi ti ve el ectrode
m xt ure.

5. The alkaline battery in accordance with claim

1, wherein said conductive agent is graphite, and said
graphite accounts for 3 to 10 % by weight of said positive

electrode mixture.





