1 DESCRI PTION ALKALI NE BATTERY Technical Field (0001] The present
i nvention relates to an alkaline battery having a positive el ectrode
m xture that contains a nickel oxyhydroxi de and manganese di oxi de as active
materials. Background Art [0002] Al kaline batteries, such as al kaline
manganese dry batteries, have an inside-lout 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 to the positive el ectrode case, and a gel
zinc negative electrode is placed in the hollow cavity of the pellet, with
a separator interposed therebetween.DRYGRIPTION recent proliferation of
digital devices, the load electric power of such battery-powered devices
has been gradaalINE BATTERYi ng. Thus, there is a denand for batteries
havi ng excel | ent hi gh-| oaded di scharge performance. For exanple, m xing
ni ckel oxyhydenitidali Pieldt he positive el ectrode m xture has been proposed
in order to inprove high-loaded di scharge characteristics (see Patent
Docunent 1).[o8ogh batteries have recently been 2
The present invention relates 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



comerci alized and wi dely used. [0003] The nickel oxyhydroxide used in such
al kaline batteries is produced, for exanple, by oxidizing spherical or
egg-li ke nickel hydroxide that has been ysed in alkaline storage batteries
by an oxidi zing agent, such as an aqueou sol ution of sodium hypochlorite
(see Patent Docunent 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 oxidi zi ng agent, mhereby it is converted into spherical
ni ckel oxyhgdrOX|de mai nly havi n pe crystal structure. The use of

such ni ckel COBAGRGHLXFRR ™ 3% %&%%}Heuﬁg fgh-density positive el ectrode. As

aresult, it becones possible to heighten battery capacity. [0004]
Meanwhi | e, B99%PIne batteries mnth ni ckel oxyhydroxi de m xed into t he
positive el ectrode m xture have problemin that their storage performance
is poor in conparlsgﬁewpﬂﬁkﬁﬂkaﬁyﬁgdﬁgﬁﬂéPl€§a& ﬂﬁo§P°H|@Q§P hydr oxi de.
Particularlg when they are stored at hig tenperatures, the self-discharge
of the posi ?V@eé+%%t%%d@r°ﬂ%§e@ncﬁ%ﬁs%anBi§ sBYfoRidiningespRaEirah
consists of a reduction reaction of nickel oxyhydroxide represented by the
formul a (1)RrREGanlbke daickel derdrpbife Bhat chaei BAcBf USAGdiBxRdbaldng

represented by the formula (2), and the 3 overall reaction is represented
by the fornBterage batteries y an oxidizing agent, such as an aqueous

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



NNOOH + RO + e- -* N(OH2 + O+ (1) 40H - 2H20 + 02 + 4e- (2) 4N OH +
2H20 ~ 4N (OH)2 + 02 (3) [0005] Therefore, in order for the battery to
maintain its high-loaded discharge chargcteristics after storage, the

sel f-di scharge 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 oxyhydroxide including a snmall amount of zinc has

been proposed e_Patent Docunent 3)..l uch.a solid.solution nickel
oxyhydh ox| ABTPRELSGFRACSARE. TehECREs SEREEan B atP g TORUB Sl Cdge at 't he
surface thereof becones high, therehby suppressing the reaction of the
formula (2). As a r_es'if'rqc,’H Tﬁézost”’o_reage peggéﬁﬁihée%‘f evéﬂ'_the al kal i ne
batteries with a nickel oxyhydroxide mxed into the positive electrode
m xture can be inmprovA¥ t o sorfé2@xtelle * [%6007] As sim | arl%lechni ques, the
use of a solid solution nickel oxynydroxide containing small anounts of
t

zinc and cobalt (see PHUM Dotiefent” 4)N{@Het e of a(3dolid sol ution

ni ckel oxyhydroxide containing a small 4 amount of an al kaline earth netal
(e.qg., calciﬂﬂ?5@see Pat ent Docunent 5) have been proposed.

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

s0lid solution nickel oxyhydroxide containing a small



[0008] Also, in order to reduce the self-discharge of the battery, it has
been proposed to i merse nickel oxyhydroxide, after the production thereof,
in an al kali ne aqueous solution such that al kaline cations are forcedly
cont ai ned between the layers of the nickel oxyhydroxide crystal (see Patent
Docunent 6). Patent Docunent 1: Japanese Lai d-Open Patent Publication No.
Sho 57-72266 Patent Docunment 2: Japanese Exam ned Patent Publication No.

Hei 4-80513 Patent Docunent 3: Japanese Lai d- Open Pat ent Publication No.

2002- 75354 Pat ent cune . Japanese Lai d- Qpen Pate Publ i cation No.
005 20304 IRl A S BT st B pkte e (54 on N,
2002- 289187 Pat nb Docuneq% 3& Japanese Lai d- Qpen Pat ent Publicati on No.
2001- 325958 a%¢0H DoGHBeRt 1hdd ST PIIRATI&HN That the Invention Is to
Sol ve [Ooggg)kbmever, the use of the above-nentioned solid solution nickel

oxyhydr oxi Qﬁksolving or containing 5 small anmounts of netal elenents

such as zinc, cobaltA and  al kal.ine earth netal cauies t.he foll ow_ng
probl ens. [ 0010] l1so, in order to reduce the self-discharge of

the battery, it has been proposed to immerse nickel
oxyhydroxide, after the production thereof, in an alkaline
aqueous 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



1) A solid solution nickel oxyhydroxide including zinc A solid solution

ni ckel oxyhydroxide including zinc is prepared by treating a solid solution
ni ckel hydroxide including zinc with an.oxidizing agent. The zinc included
in the nickel hydroxide has the effect o? 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

oxi di zi ng agent so that unreacted nickel hydroxide is likely to remain in
t he ni ckel droxid nce n t I iz ni ckel
hydr oxi de |nc udl?ﬁfg?ﬁ% g? F%in%%%gggﬁs ?uéﬂ $ 9§%gte8%§%255|§e8

oxi di zi ng n and a y a.l ea £ thereto is therefore
difficult t%ff ﬁﬁ%ee%Eﬁ?c%%Fagxgﬁﬁﬁ?%X| e %%g 8 Fﬂ%leﬂffh good

product|V|ty #? 11] 2) A solid solution nickel oxyhydrOX|de i ncl udi ng
cobalt or a g% sol ution ni ckel oxyhydroxide including cobal t and zinc A

solid sol ution nickel, ,oxyh lnclud cobhal.t C balt an nc |s
prepared by treating 13 %g %oﬁo B3P hi lhfd?y&g% ’f (h]d“

cobalt and 6, zinc with an oxidizing agent. The cobal t Iomers t he OX|dat|on
reduction pBt®Atial of nickel and thereby facilitates the oxidation by the

8)|c§|oﬁl zi ng agent, but | t olmady J¢ V\%lotnh%lpc t Plnto'x%}hy r(;txhledenllcnkeluéixl}/ghydrOX| de

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 so0lid solution nickel oxyhydroxide including
cobalt or a solid solution nickel oxyhydroxide including
cobalt and zinc

A s0l1id solution nickel oxyhydroxide including
cobalt, or cobalt and zinc is prepared by treating a solid

solution nickel hydroxide including cobalt, or cobalt and



di scharge. That is, the discharge characteristics of the resultant battery
tend to lower. Also, since cobalt is relatively expensive, there is also
anot her problemin that such nickel oxyhydroxide involves high costs.
[0012] 3) A solid solution nickel oxyhydroxide including an alkaline earth
metal A solid solution nickel oxyhydroxide including an alkaline earth
netal is prepared by treating a solid solution nickel hydroxide including
an alkaline earth nmetal wth an oxidizing agent. First, in synthesizing a

2 al nehédmmx'det'ai”?rﬁ?'&“ Pt sl ooy rape L RER TR uso for

exanpl e, an a soI ti.on of t | ubl.e nitrate of .an al kal i ne
earth netal®® Ygsiop R tﬁn\gf a(ra]erf’d;\c/) ]?'ﬁltr ﬁe}b eB¥d the |ike,

t her eby na t.he er ditiqn ¢ I|c I n arison wth the
typi cal Etar?géilga&ép t?i@e oqﬁﬂ%r 3’ t&{g) %Jhrbg aaigi&ﬂr?'neb%tarltih net al
|ncluded |n t he ni ckel rOXId al sq has t ef f suppressing the
oxi dation ¥ fio¥&d the t b §”zci Ci—@ﬁb%é) ‘g‘g

difficult to hei ten t he product|V|ty in the OX|dat|on step. Means for

7
Sol vi ng th& - [ 6883] 1Phe threddrChARIENCRER aCtRTISLICS Qﬁ d€al i ne

battery |nclud|ng a positive electrode m xture, a negative .
resultant battery tend to lower. Also, sihce cobalt is

relatively expensive, there is also another problem in that
such nickel oxyhydroxide involves high costs.
[0012]

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 like,
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



el ectrode, and a separator interposed between the positive electrode

m xture and the negative el ectrode. The positive electrode m xture includes
a ni ckel oxyhydroxi de, nmanganese dioxide and a conductive agent. (1) The

ni ckel oxyhydroxi de includes at |east né&nganese dissolved therein, and the
manganese accounts for 0.5 to 10 % by nole of the total anmount of netal

el enments included in the nickel oxyhydroxide. (2) The nickel oxyhydroxide
mai nly has a p- type crystal structure. (3) The nickel oxyhydroxide has a
vol ume-basi s nmean particle size of 8 to 15 gm [0014] In the al kaline
battery, pré&FePably, the ni ckel oxyhydroxi de has at |east one of the

physi cal properties (4) a nickel mean valence of 2.95 to 3.05; (5) a
tap densitleapsofer §Péﬁ3n6rtﬁﬁr8r08ﬁﬁm(6) a BET specific surface area of
5to 20 nk/ As used herein, the tap density refers to the tap density of
a ni ckel $ﬁ9é?éX|de whi ch has been tapped 300 tines. [0015] In the

al kal i ne battery it is preferred that the _nickel oxyhydroxide have sodi um
i ons on the surface &he paesent imventian wedasedi ten #dndlk@tddt for 0.5 to
1 %b %ht of the total of the nickel oxyhydroxide and the sodiumions.
[0016] | n t hatipkydl inelpdinegr ¢, PPEiktdvpr electradenmixthge . niackegative

oxyhydr oxi de account for 10 to 80 % by wei ght of the
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 8-
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



positive electrode mxture. [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 electrgde mxture. Effects of the

I nventi on [0018] The present invention can heighten the capacity of an

al kal i ne battery whose positive electrode m xture includes a nickel
oxyhydr oxi de and nanganese di oxi de and inprove the storage characteristics
t hereof. Al so, the above-nentioned physical properties of the nickel

oxyhydr oxi i di Wﬁﬂg? 'éﬁﬂ#v t i egﬁpl ) rgeq i erease
in the pr og'%%:afll%\clt# y a[c}git e ﬁ{e%u oxy yﬁ%&i%ﬁé%&or |ngly,£§n9a kal i ne
battery hayi cel t qpﬁr | St C L ghr i schar ge
characteri y‘%%tg)r%ofrée}f?a Tk ﬁ%ﬂ%eﬁﬁ%g#%ﬁ%ﬁ%g#%g%ﬁg.t%i ef
Descripticw%égi&XaMhp s 9 [0019] [FIG 1] a partially sectional front view
of an al kalTne I%é?%ery according to one enbodi nent of the present

i nventi on; @ﬂ%) |G 2] a graph showing an X-ray diffraction profile
(curved lin f a nickel hydroxide including Mh in the formof solid

ESLEEL?QeaQSn?2i§;LS Bﬂ%ﬁ%r%ﬁggigngr%%k%%ry&C%Evgg Hﬁl%é%&ég f%&y(gﬂg
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



formof eutectic, which are used in an exanple. Best Myde for Carrying Qut
the Invention [0020] FIG 1 illustrates an alkaline battery according to
one enbodi nent of the present invention.,This al kaline battery includes a
positive electrode mxture 2, a gel negative electrode 3, a separator 4
i nt erposed between the positive electrode mxture 2 and the gel negative
el ectrode 3, an electrolyte (not shown), and a positive el ectrode case 1
accomodating these conponents. The positive electrode case 1 is a cylinder
with a bottégq nd the bottom has a protruded part which protrudes outward
in the cent %ereof The protruded part serves as the positive el ectrode

term nal - Ther@osif iy cpel pEALS sgé%sreeﬁgg}o%wn{h&éqaes gh adilolhow

cylinder is placed ositive € e case SO0 as o0 cone

contact w t@aéﬁerfoééé&u\:/ eI eg‘% ‘?ﬂ p05| ﬁ%gng, o@ o p{;]l:é erclgatl ng f| I m 10

is formed on nner I'VE el ectrode case [ 0021] The
gel negatlve elec{rode |s pl aced in the hollow cavity of the positive
electrode X % o vf?% t he separator 4 interposed t her ebet ween. Al so,

ahg gel ﬁ?%é Iectrqu IS, |nsg a%gd fr gn%t 05|t|ve glectrode case
y an ins I ngy ApdEePA FRGAITYeR Ret a2t F?ﬁ tORPFRELF 6 i s

(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 eutectic, 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 interposed 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



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
bottomplate 7 is welded to the upper figce of the negative el ectrode
current collector 6. The bottom pl ate } serves as the negative electrode
term nal. The opening of the positive electrode case 1 is sealed by
crinping the open edge of the positive electrode case 1 onto the
circunference of the bottomplate 7 with the edge of the sealing plate 5

t her ebet we T oyt rf.a fs A 1 1s.covered
W th an &hse Ihl:'be?k gﬁ:alpg%l%f] ﬁ%l&@%i@. il U& S AMdPYh GBRE thi v

outer ectrolyte I's used to nolsten the

positive etgctr y%ﬂ%ﬁﬂﬁ%é%é@&é@%ﬁgrl 4. The electrolyte can be

any conventional one In e art. An exanple is an aqueous sol ution
cont ai ni ng ﬁg@@ wei ght of 11 potassium hydroxi de. The gel negative
el ectrode 3 can be any conventionally known one in the art. For exanple, an

exenpl ary gel negati*gﬁeéﬁ ;ﬁgggtngggﬁe%QgB%%e§ng% %lé%@d Ml ent of

sodi um pol yacryl at e, rolyte, a‘negati ve electrode

[ ' f ' . Sshoul d b I [
el ect ol yt e e hEYF GBS At G bl "L O

different fLomI0eAoPVAIRNISNSE AIELEN & . W% the ger

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 is
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 the positive
electrode mixture 2 and the separator 4. The electrolyte
can be any conventionally known one in the art. An example

is an agueous solution containing 40% by weight of



The positive electrode m xture 2 contains a nickel oxyhydroxide, manganese
di oxi de and a conductive agent. The nickel oxyhydroxide used in the present
i nvention includes at | east manganese d&isolved therein, and this nanganese
accounts for 0.5 to 10 % by nole of the “total amount of netal elenents
contained in the nickel oxyhydroxide. If the anmount of manganese is |ess
than 0.5 % by nole, the effect of inproving the capacity and storage
characteristics nay decrease. |f the anbunt of rmanganese exceeds 10 % by
nol e, the anpunt of q;c el_.contained in the nickel oxyhydroxi de decreases,
so that a B2UFFTEERNE %ﬁﬁ#@'n&y not be obtained. [0024] The crystal

structure of the nic&g& ox&h dro¥Lde LS oansgd mai nly of a high-density
p;typf crystal ftr? ggs A egﬁiévﬁi t?°3F8 { FFF:t gteP?ypefC{Ksta! &a
structure accounts, for 0 Of _NDre o] e crystal_ structure o e nicke
oxyhydr oxi EPYINHARALHE SHOH B yiRk % A FOT SEEMRISY g% the bul k
density or eh?é)x%p ensslft or;qé‘_{%e‘p%c elqgﬁgs\{#x(%ﬂ% %grﬁé%%% s%);(;gereby
resulting i c h ydroxide is
filled into a case having a predetermn ned vol une. %0025% The vol une-basi s
mean parti JeLEing agent,ohy; um PRASAFTOKI eS| 28 #HKAEIRgn | f the nean

particle size of the nickel oxyhydroxide is less than 8 um or_if _the nmean
particle sigketrtEtr eraitiah NP Ve HelehFede iaCctbye paterial 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



bet ween particles of the positive electrode m xture |lowers, which may
result in a |arge decrease in capacity upon storage. Therefore, when the
ni ckel oxyhydroxi de has a nean particle,size of 8 to 15 um the battery
capacity inproves and the self-deconpoSition of the nickel oxyhydroxide
decreases, thereby making it possible to significantly inprove the storage
performance of the battery. [0026] Further, as described above, one |arge
characteristic of the present invention is that the nickel oxyhydroxide

i ncl udes at__| east ngane sol t herein. nt
research ofStvraurcf uurse nellgcc qn y ro"‘gl%de%csi a]ﬂdnonlf%k A%S‘(yhy o&%%lest]g‘%%e&%resent
I nventors 13 ave f t hat ni ckel xi de _i.ncl udi Ieast a

sui tabl e afburltio™ %%Fgﬁarf@@&%‘f & g’leh coRtegE EJ]% RS |y oxidized
chem cally si.ng. an oxi di.zi n ent 27] Al so, since the nlckel

oy hydrox, dETHkATIde 163 dﬁr@%@?het%?e PR AeAsERn Bt AR SRR i kel

oxyhydr oxi de_i,§ naintai i even when the anese, dIOXIde
di schar ges o t tIHé"']YﬁJrs] ’f)cfx’t#e d%?%%?e%xy%%dlg _ f1 mfanese
di oxi de can s rovife o8 Sl ELenle SARRSH e LA ! oxyhygrg,zfyed that

is 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



one or nore of the foll ow ng physical properties: (4) a nickel nean val ence
of 2.95 to 3.05; (5) atap density of 2.15 g/cnB or nore; and (6) a BET
specific surface area of 5 to 20 n2/g. K0029] If the mean val ence of nickel
contained in the nickel oxyhydroxide is |ess than 2.95, the capacity of the
ni ckel oxyhydroxi de per unit weight decreases, which may result in a
decrease in battery capacity. On the other hand, if the nean val ence of

ni ckel exceeds 3.05, the ratio of 7- type crystal in the nickel oxyhydroxide

[ noreases, yhiohedya GRsH!d Afdlel dREALLQD LRcThaliagoafedoghpchar ge

characteri e mean val ence of cont al ne nthe nic

oxyhydr oxi d&f@ébf{ RS G &Pﬁn?égénééé%;sow?& h?n%éeiﬁo %18"\!6 é

em ssion spectronetry and oXi dat’ion-reduction rtratron. 3

Measurenent_ of. jretal . i%$t ratio_ i ickel. oxyhydroxide A pr term ned
anount of a it ckel® %(%/\%/ o&?%%lc?jéf%n?(%du%?% 3 cg}ah%%%%ngog%%[lqgh of nitric
acid, and tﬂﬁ) ] xture is heated to dissolve all the nickel oxyhydroxide.
The resul tant®%6l ution is then anal yzed with an I CP em ssion spectroneter
(e.g., VISTA-RL avail ghle fnon1vt | AN, knﬁ.é. Ln thi s maﬁ &h wei ght ratio
of each metal el emenflS@onBiPREItPR PAEXRLCREVNILTRFAASK LS PﬁFEkel,
manganese, etc.) is detern ned. .

9 manganese, Eie 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/cm3 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



[ 0031] (B) Measurenent of average nickel val ence by oxidation-reduction
titration A nickel oxyhydroxide is mxed with potassium iodide and sulfuric
acid, and the mxture is sufficiently étirred to conpletely dissolve the

ni ckel oxyhydroxide. In this dissoluti i step, high-val ence nickel ions,
manganese ions, and the |like oxidize the iodide ion to iodine, whereby the
ni ckel 1ons, manganese ions, and the |like are reduced to bival ence. The
resulting iodine is titrated with a 0.1 nol/L aqueous solution of sodium

t hi osul f at g From t concentration, of e _sodi um.thiqsul f nd the

Lt rated arStHo"APHeTEB L ST SstinBar e R B vt R iR 580 68 s
manganese ngsi!and the like wth a valence greater than bival ence can be
deternined.l[ fnUBing the total amount of the nickel ions, manganese

i ons, and tﬂﬁxﬁtfe with a val ence greater than bival ence and the wei ght

rati os of the als obtained in the above (A), the nean val ence of nickel

in the nickel oxyhy xj. de can be estimated. Therei syppose, that the
val ence of nanganeseqégn¥§?§HEFW?ﬁal? ngﬂglw%%gﬁydﬁg§ﬂaé% P%cﬁ?fFurther,if
cobalt is contained. in the nickel oxyhydroxide, suppose that the val ence of

cobalt is P¥NYIE¥ASP Further, according to the present invention, it is

preferred that the tap density qof the nickel . .
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
jodide and sulfuric acid, and the mixture is sufficiently
stirred to completely dissolve the nickel oxyhydroxide. 1In
this dissolution step, high-valence nickel ions, manganese
ions, 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



oxyhydroxi de be 2.15 g/cnB or nore. 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 n2/g. This enables the positive electrode nmixture to be preferably
i npregnated with the electrolyte. [0035] Also, it is preferred that the
ni ckel oxyhydroxi de have sodiumions on the particle surface thereof. In
this case, it is preferred that the sodium ions account for 0.5 to 1 % by
wei ght of the total of the 16 nickel oxgh%droxife and, the sodium i ons.
Ni ckel oxyRAFE} dORS- JPRRFEBFDUULRRS by2BAdFRG 11k 0% Bz nY24GRAE such as
an aqueous solution of sodium hypochlorite to nickel hydroxide dispersed in
an aqueous JERART oHP3? RBWRIGREGAFdRi Be. ¢heE™iRedi um i ons are carried on
the surface of the nickel oxyhydroxi de depending on water-washing condition
after oxidat?®%211f the anount  of sodiumions carried on the surface of the
ni ckel oxyhydroxi de_exceeds 1% by wei ght of the total of the nickel
oxyhydr oxi de” and t he Usddigurkhieote talhamymity@f dhe neadal alqifge har nf ul
effect, which may result in degradation in battery performance, mainly
storage cHEaRGaResatieRrs. Gandhkhet hikenwhth afvahengapgreaser §Bahum i ons
carried on the surface is less than 0.5% by weight, the val ence of nickel
in the surftealeyee apdthke 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 mz/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 oxyhydroxide is apt to | ower upon discharge. Hence, its capacity may
not be fully utilized. [0036] The anmount of sodiumions carried on the
surface of a nickel oxyhydroxide is determ ned, for exanple, as follows. A
predet ermi ned amount of nickel oxyhydroxiéfde powder is nixed with an aqueous
solution of nitric acid, and the mxture is heated to dissolve all the

ni ckel oxyhydroxi de powder. The resultant solution is then analyzed by an
| CP em ssion spectronmetor (eg., VISTA-RL 17 available fromVARIAN Inc.) to
determ ne the anmount of sodium Using the anmount of sodi um thus obtained,
the ratio »ickeliewyhvadsoxideyandi tive)sediuneieBsal of the nickel
oxyhydroxi de and the sodiumions is determned. [0037] Also, it is
preferred that the niNkel oaphyfinerife decmfifterf @rodiges g addingi ght of
the positive electrode m xture. When the nmanganese di oxi de and the nickel

oxyhydr oxi den agxi@bzpngi agentebechraseancagveougnselintlionapé sodpumed, the
manganese di oxide is superior in terns of capacity per unit weight, density
at whi ch ithypechlorétei hoonihketabpdronidei disperxsed déncanHogseeuns the
ni ckel oxyhydroxide is superior in ternms of discharge voltage, high-|oaded
di scharge céalatieniefi sediemchydroxibdei ndfhys cossdilemiions herdal ance
between the overall battery characteristics and the costs, it is nost

carried on the surface of the nickel 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 wvalence of nickel in the surface layer of the

nickel oxyhydroxide is apt to lower upon discharge. Hence,

its capacity may not be fully utilized.

[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



preferable that the mxing ratio of the nickel oxyhydroxide 1in the positive
el ectrode m xture be in the above-nentioned range. [0038] The manganese

di oxi de contained in the positive electjmode m xture of the alkaline battery
of the present invention is preferably electrolytlc manganese di oxide with
a vol une-basis nean particle size of approximately 30 to 50 um [0039] 18
As the conductive agent, graphite, various carbon blacks, fibrous carbon,
and the |like can be used. Anong them the nost preferable conductive agent

|s graphite, ﬁfﬂﬂe%f&n%ﬁ(ﬁﬂeﬁ?@sis g %Prﬁiﬁ l\?hé'érﬁo&%t gpproxi matel y

5to 20 um |s I'S because positive pe | ets can be easily nol ded
and battery uct I tg Ig r, e use of
such gr aphl es dlﬁcimpdoztshl%glaeﬁ%ﬁst gioh;ﬁ ze ery ehiar{ré(;l&(; er |és1t ics. As
used hereln rap ryst I carb [ chet i nt erpl anar
spaci ng (doo?? 8 ?f &%%ﬁzfopgaﬁg %ztg?n¢ b gg poﬁd€?¥g#r§§ gﬁ?fraction
analysis is_3.4 erreg%%hat.th conductive

coant T Scoonteed, Shvpidtexide artR spdyud D88k CLE detaBn g, conIoL L

This is becE@¢$ hhe vol unme energy density of the active materials in the
positive el bde nixture can be

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.

[0038]

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]
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oxyhydr oxi de preparation) Predeterm ned concentrations of an aqueous 19
solution of nickel sulfate (l11), an aqueous solution of manganese sulfate
(I'1), an aqueous sol ution of sodium hydroxide,

| y enhanced so as to provide satisfactory high- | oaded di scharge
stics. Exanple [0041] The present invention is hereinafter

nore specifically by way of E{gnples. Exanple 1 (Nickel

and anmoni a water were

continuously fed by a punp in predeterm ned anounts into a reaction vessel

and Stirred in the raScrERRdaiod B e, SARhPe (oar It UG

preci pitat
adjusted t
ni ckel hyd
synt hesi zi
content of
t he total

ni ckel hyd
[0042] Als

y m xed
es were

) he H.of the reactio | utiqgn in the reaction vessel was
g)q'ff}sdn ]th:eo L*Ser?paerrbézfnw eanvr\h?as%%aedj ]I'u%eeaé] atrbrkgogs ‘{me%B‘P g‘ i pi tated
i t.h. water and. dried.in a vacuum

Herfe Y N ety ondid e e e

In

manganese .i ncl uded in the nickel hydraoxide becanme 5% by nol e of
ATBORE S S (5 e oine B ha MRAR (BFY TSR A ORI oxi de.  Thi s

roxi de . was naned nickel hydroxide "a" (N 0.95Nnh0. 05(CH) 2)
SPDF IR I dr 5 ¢ - ( [4d 0sAn® posifive

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 (Qge2)
of the (002) plane determined by powder X-ray diffraction
analysis is 3.4 A or less.

[0040]

Also, it is preferred 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 aqueous



ni ckel hydroxide "c" (N o0.95C00.05(0OH)2) , and a nickel hydroxide "d"
(Ni 0. 95Cao0. 05(OH) 2) mere prepared in the sane nanner as the preparation of

t he ni ckel hydroxide , except for the use of an aqueous solution of zinc
sulfate (I11), an aqueous solution of cobalt sulfate (1), or an aqueous
solution of calciumnitrate (I1l) instead of the aqueous sol ution of
manganese sulfate (I11). [0043] 20 Also, a nickel hydroxide "e"

(Ni 0.95Zn0. 025C00. 025(0OH) 2) was prepared in the same nmanner as t he
preparation of the nickel hydroxide "a", except for the use of a m xed
aqueous sol §plBfien ?fn@1§ﬁpﬂa§§1FﬁFF éﬁé)«céﬂa?ﬂu§ﬁpﬁa§91P¢PPnlﬁ§tead of
the aqueous sol ution of manganese sulfate (11). [0044] Further, a nickel
hydr oxi de "Manpappeei fylietendid)) .cpanaauenss sodviies of sREisEme nanner as
the preparation of the nickel hydroxide "a", except for the non-use of the
aqueous sol byfilsaxéfiepnagdnapmondpf wager| were ooAInupHslyi &edl biyar oxi des
"a" to "f" thus obtained were analyzed by powder X-ray diffraction

anal ysi s. Apump Aimspiredetermdnedomfionpds thio ehaeaction Wedseli des "a" to
"f" had a O-type crystal structure ((3-type ratio: 100%, and that the

ni ckel hydr egihdppedawitd s¢iririolguddddelse ‘Boeesuppliedesehvhienttias were

di ssolved in the nickel hydroxide crystal. The vol une-basis nean particle
si zes of continuously mixed 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 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.9sMng. ¢s(OH)>).

[0042]

Also, a nickel hydroxide "b" (Nig.9sZng.95(0OH);), a
nickel hydroxide "c” (Nig 95C00.05(OH),), and a nickel
hydroxide "d"” (Niy.¢5Cap.o5(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 aqueous solution df cobalt sulfate (II), or an
aqueous solution of calcium nitrate (II) instead of the

aqueous solution of manganese sulfate (II).

[0043]



t hese nickel hydroxides "a" to "f" were nmeasured by a laser diffraction
particle size analyzer (Mcrotrack FRA available from N kkiso Co., Ltd.),
and they were found to be approximtelyqal0 um Their tap densities were
nmeasured by a tap density neasuring device (Tap denser KYT-4000 avail able
from Seishin Enterprise Co., Ltd.), and they were found to be approxi mately
2.2 g/lcnB. Also, their BET 21 specific surface areas were neasured by a BET
specific surface measuring device (ASAP-2010 avail abl e from Shi madzu

Cor poration), and thgﬁsgerg haund 1t ayReokdaeo ~42 n2/g. It should be noted
that the above-nmentioned’ devices weie also used in the follow ng exanpl es

Speer o el iRe Bl MIECAERROMREL PRY pfefaredin | B CEAE LandBE $5T
put 1 nt o ke of &, AgEGS, SO | A1iPL SAch g el Oi dec e Leancegt el on:
[ gﬁaer Yan aﬁﬁ ! g '

0.1 nol/L). esul I on S stirred, a predeterm ne

f 3lut f [ h ] ' f j hl ori
Concont rat | e Sact aEagauRens, sBOREHEL WRCETRE Ehfral (CHE) ST Cont
. gt} | . ent
wher oyt R A ERE) RPER S HEET adR eSO LE0s SALAER MBRaridh 20 o co-

The tenperature of the eact | sol ution was then 5090. [0047] Wth respect
to the amodMoSFTtHe SaHEE Solbbls

[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 agueous 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 (fB-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



solution of sodium hypochlorite, there were two kinds: 1.1 equivalents and
1.8 equivalents. As used herein, 1.0 equivalent is the m ninumtheoretical
anount required to oxidize the nickel cgnptained in the nickel hydroxide to
trival ence. Also, as for the treatnent t9 (stirring time) after the

addi tion of the aqueous solution of sodium 22 hypochlorite, there were two
kinds: 2.0 hours and 6.0 hours. In this way, four kinds of nickel

oxyhydr oxi des mere prepared under the four different oxidation condi tions
as shown in Ta u&2048] Subse% ently, the r uIt%%& nlck oxyhydr oxi de
particles wWEP&C %ﬁe BRSWATERS YRESWISRSHG Jﬁe until the
pH of the filtrate reached 11.5 (25Q The washed ni ckel oxyhydrOX|des wer e
dried in a SHEHARPafreagEring: dexi ﬁ&uKéSAFOZQHPmQYQ%%ﬂaﬁe Py FhdRagEd Al to
A4. The anmount of sodiumions carried on the surface of each,nickel

oxyhydr oxi dEOFRETAEASM ed 2Ms tReYe¥aFe, ToNBA PoB%t 18 t9odiuiM’78ns was
approxi mately 0.8% by_wei ght_of the total of the nickel oxyhydroxide and
the sodiumions. [004D]shoahlbanatedt trat Maeurbove-BeuEsRRedN cke

oxyhydroxi de solution of sodium time hypochlorite Al 2.0 hours 1.1
equi val ent sdexicesovweagr @1s08usgdi ial &hes following examples to measure

the volume-basis mean 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 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



A3 6.0 hours 1.1 equivalents A4 6.0 hours 1.8 equivalents [0050] Next,

ni ckel oxyhydroxides Bl to B4, O to C4, DI to D4, El to E4, and FI to F4
were prepared in the sanme manner as thgzpreparation of the nickel
oxyhydroxides Al to 23 A4, except for the use of the nickel hydroxides "b"
to "f". As used herein, Ato F representing the respective nickel
oxyhydroxi des correspond to "a" to "f" of the nickel hydroxides. Also, the
nunbers 1 to 4 refer to the sanme oxidation conditions as those of Al to A4

h i Tabl ) 00517. Al | f h 4. ki nd i ckel i had
ool - padredunot PR htte et BEES 26HH4EE 20 BOEHS' a8H)RY0 RENFER Nad

i ckel d j d had tap. d i . of i t el 2.3 g/cnB d BET
specrti ¢ cubd b il or s W96 ol oSSR ettt o

| X XI S u | .
Chons OnY LR e o TeiE 2P cal B et aRh R GEE ol EOnd B EBRS Lad o b o

confirnmed that these nicke] oxyhydroxides were all conposed nmainly of a
R-type cryst ?w%t+%cT%?%? hat is, estimating fromthe intensity of the
diffraction peak_ attributed to the (001) plane characteristic of the 3-type
crystal str 048 % and

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 (25T).
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 Treaﬁment 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 F1 to F4 were prepared in the same

manner as the preparation of the nickel oxyhydroxides Al to



the intensity of the diffraction peak attributed to the (003) plane
characteristic of the 1-type crystal structure, the ratio of the 0O-type
crystal in each of these nickel oxyhydrpxides was 98- or nore. However

sone sanples exhibited the peak of nickel hydroxide. Therefore, the 24

hei ght of the diffraction peak attributed to the (100) plane around
diffraction angle 20=33.80 was read, since this height reflects the anpunt
of the nickel hydroxide whi ch was | eft unoxidized in the treatnment with the

oxi di zing a gnt @? utegﬁgsugﬁ ofeﬁg%tﬁlfkngg?gfoglde"N”Q""tgea@S that a

dlffractlon pe to t ane not appear. Al so, the

7051 gy GhamapLalng i api g shy g Ui mpgton

cTem(5) Feghy e IdLo Lo s Y- Begestis ey s (160

Bl Zn 2.75 ﬁ?groﬁgdgg 2‘£¥§g£)the numbers 1 to 4 refer to the same
oxidation conditions as those of Al to A4 shown in Table 1.
[0051]

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 [-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 [B-type crystal in each of these nickel
oxyhydroxides was 98% or more. However, some samples

exhibited the peak of nickel hydroxide. Therefore, the



B3 Zn 2.83 75 B4 Zn 2.99 ND. d Co 2.96 ND. C2 Co 2.99 ND. (C3 Co 2.98
NND. C4 Co 3.02 ND. D1 Ca 2.71 310 D2 Ca 2.85 205 D3 Ca 2.82 220 D4 Ca
2.97 ND. E Zn and Co 2.88 150 E2 Zn aj Co 2.94 35 E3 Zn 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 "a"
or "c" was oxidized until its nean val ence becane al nbst 3.0 even when the
anount of the aqueous solution of sodium hypochlorite was small and the

ngfhg?QB géneﬁgﬁggiegétoplﬁgégﬁ# %éf%te %t&%di %|Ck6| e%gggﬁbgft can be
oxi di zed easily. [0056]

plane around diffraction angle 26 =33. 8° was read, since

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]



On the other hand, the nickel contained in the nickel hydroxide "b", the

ni ckel hydroxide "d", the nickel hydroxide "e", and the nickel hydroxide
"f" was not oxidized until its nean vaLg ce becane al nost 3.0, except for
t he case where the treatnent was perfor for along tinme with the

addi tion of an excessive amount of the aqueous solution of sodium

hypochl orite. This indicates that the oxidation does not proceed easily in
the case of the nickel hydroxide "b" including zinc, the nickel hydroxide
"d" |nclud|2gaﬁ | cijum the nickel hydroxide "e" including zinc and cobalt,

or t he ni ck ide "f" including no net al elenent. I n the nickel
hydr oxi des "b" "d”, and["e" a artlculark vaheiyne & the zinc ions
and the cal CI gm i oekedi ssql ve lf‘ rBe i cRef ef'?ydroxidﬁierrabermi n junchanged
from t he bi vallemg@yddoxitid af dleﬁﬁfrn qkelak hatdroitdas by an
oxi di zing agent, it is ccn5| 5? J'Phat t FESE°F onjsto eirad h phamallent and are
thus unlikely to bg oxidijzed. MA057] (AI&absne battenprroduction) Usi ng
t he ni ckel oxyhydroxide p mdérsmﬁr to F4 khy; taine atkatilne dry
batteries as ghown+h FLGl 1 wefe produced ~27 0058 l?Dﬁe'tlve el ect rode
m xture preparati oMd3 Firstl, eled®rolytilc mdnffinese di oNiBte with a
vol une-basi s nean padticlg sizemaf 40 ym 8Bhe1r ni ckel N.D.

Bl Zn 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.

Dl Ca 2.71 310

D2 Ca 2.85 205

D3 Ca 2.82 220

D4 Ca 2.97 N.D.

El Zzn and Co 2.88 150

E2 Zn and Co 2.94 35

E3 Zn and Co 2.92 50

E4 Zn and Co 3.00 N.D.

Fl1 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 "“a”
or "c” 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 "a” including



avai l able from N ppon G aphite Industries, Ltd.; nean particle size 15 un)
were mxed in a weight ratio of 50:45:5¢to prepare a powder mxture. 100
parts by weight of this powder mxture was mxed with 1 part by wei ght of
an aqueous sol ution containing 40% by wei ght potassium hydroxide. The
resultant m xture was evenly mxed with a mxer, to obtain particles having
a predeterm ned particle size. The resultant particles were nol ded under

i i ndet : Wt i ' :
I e T S

polyacrylatge_gﬂidggéalgggiiyectrolyte, and a negative el ectrode active

mat eri al of “Zi nc powdér were m xed in a weight ratio of 2.5:100:200, to

prepare a g bogggative el ectrode. The alkaline electrolyte used was an
aqueous sol ution'of 40% by wei ght potassi um hydroxi de. [0060] (Al kaline

battery assenbly) Usi t.he siti.ve electraode ymxtures and.gel 28 negative
el ectrode thus obtai régrg,tréen <G féarh‘f’k:ﬁci?enenl%]%ﬁ?ecf%/n% lljlp‘ﬂ %Lsrf r% ®d in FIG

L s, brodged IR BRSNS - eoLgs, Rt KRR Ohud pecke e

had a graphk&grggg anetilghd 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 ions 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.



A plurality of the above-nentioned positive electrode 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 electrode case. [0061] §Jbsequent|y, a separator and an
insulating cap were inserted into the holl ow space inside the positive

el ectrode m xtures. Thereafter, an electrolyte was injected into the
battery case to noisten the separator and the positive el ectrode m xtures.
The el ectrol yte used was an aqueous sol ution of 40% by wei ght potassium
hydr oxi de. (i/ ] After the injection of the electrolyte, the gel negative
el ectrode was filled into the space inside the separator. Then, a negative
el ectrode clRIEHILI®I§RI G008 Miepriie PTERIFAE LI i ng menber and a bottom
plate was inserted into the_gel negative el ectrode. The opening of the
positive el ectrode cEi&ESkasedesteqllyicr Mapoageshe ddpsideciddhor t he
positive el ectrode case onto the bottomplate wth the sealing plate

t her ebet weefrlumssthasig meautraryicle §i¥z8 0Hf4Q Hampokhe | WéC]é*cht rode case

was covered with an outer |abel, to conplete a batte_r%j.‘p_'l'he resul t ant
battery weexyhydepmide &l A comis3jivatagentesonarpicig]l grapyitel to

4, D to D4, E to E4, and FI to F4 were produced in the sane nanner as
(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



the production of the battery | A except for the use of the nickel
oxyhydroxides A2 to A4, Bl to B4, C to C4, D to D4, El to E4, and Fl to
F4 instead of the nickel oxyhydroxide . The batteries Bl to B4, d to 4,
D to D4, El to E4, and FI to F4 are ¢ arative batteries. [0064]

(Battery eval uation) (Low | oaded discharge characteristics) Each of the 24
ki nds of batteries obtained in the above manner was conti nuously di scharged
at a constant current of 50 mA at 20t until the battery voltage dropped to

a cut-off voIt of .0. eby.the injtial ,.dischar C|ty

(her ei naf t 8798 gger ErES §8dtemq§§‘] PPt are Mafad s yﬂzi‘a‘alﬂ A or the

| ow- | oaded, di_ schar It ured 006 gh | oaded di scharge
characteri ?ﬁt %Cc’h Jé'ﬁutsrqféa%)fdkl% t}at"‘f %Hé: contl nuously

di scharged at a cons nt curﬁent gieggoo mA_a 20t unt i gttery

vol t age dropped to the®cBPEbF+V80 Fage 8?56 gs¢d Wﬁﬁr@ﬂ tﬂ Pniti al

di scharge capaci.t hereinafter also referred to as t |schar e .capacity
1000 mALGRED AT |Radd Bheeirar GBS ABRCF: PR LinOtnthed: Bas tAGB0e)

(Storage characterjstics) Each of the batteries stored at 60t for one week

was cont i n§dEStFodies QRgydddar grephsitencaahimehttidm-1000

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



mA at 20t 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 - st orage di scharge capacity) was neasured. The ratio of the
post-storage discharge capacity to thezﬂigh-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 shown in Table 3 are percentages relative to the

| ow | oaded dlschar% capaC|ty and hi gh-1 oaded di schar ge capaC|t)£)t

conpar at i v&UFERCEr PIFAher POFddiivpeOleqiFPsts oREe [WhHIRVHTES

Low | oaded ngh Ioaded retention discharge discharge rate after 1- meek
capacity clYdemt yadedrade® sompdFte § Bttty AII'hEOIeEGit??t battery A2 103
102 78 Battery A3 102 102 78 Battery A4 103 103 80 Conparative battery Bl
88 83 70 ®&spacmed dafdexar w12 95 93 75

[0063]

Batteries A2 to A4, Bl to B4, Cl to C4, D1 to D4,
El to E4, and Fl 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, D1l 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, E1 to E4,
and F1 to F4 are comparative batteries.

[0064]
(Battery evaluation)
(Low-loaded discharge characteristics)

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



Conparative battery B3 94 91 74 Conparative battery B4 97 97 75
Conparative battery d 100 97 73 Conparative battery C2 100 97 75
Conparative battery C3 101 97 74 Cbnpagﬁtive battery C4 102 98 75
Conparative battery D1 85 80 72 Conparative battery D2 94 91 76
Conparative battery D3 92 90 76 Conparative battery D4 98 97 76
Conparative battery EIl 94 91 70 Conparative battery E2 97 95 74
Conparative battery E3 96 95 73 Conparative battery E4 98 98 75

e SR 08 500 o T e
00t i BRI TE Ao G SO Sl

ternms of al oade Scharge Capacity,

di schar ge ci ty, and the post - e .capacity retention rate after
one-week 500008 omadne g3 oated MEERAC dapd s o e S
capacities %g%sﬁigh hi gh-1 oaded di scharge capacities is probably as

fol lows. TIAY I's, since the nickel valences of the nickel oxyhydroxides Al

to A4 are %%EUfgégﬂéﬂéggé¥érfJ¥ié¥FCharge

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]



capacities of

oxyhydr oxi de,
mai nt ai ni ng t

t he ni ckel

t he manganese
he

oxyhydr oxi des becone | ar ge.
manganese di oxi de di scharges after

Furt her,

t he di scharge of the nicke
di ssol ved tperein produces the effect of
el ectroni c conductivity of the nickel
that the manganese di oxi de al so provides a sufficient

oxyhydr oxi de hi gh
capacity.

even when the

SO
[ 0070]

Al so, although the nmechanismof the inprovenent in storage characteristics
is not clear, it is probably as follows. The manganese di ssolved in the
crystal of qkel oxyhydr oxi de caused an increase in the oxygen-
generati ng overvol t‘age on the nickel oxyhydroxide. As a result, the
sel f -di scharde was suppressed, thereby riesul ting i n hcgbacdépadity retention
rates. [0071]} On the ot her hangd c ﬁe 0 t&f.a batetentiam |Bi to B3, D
ow- oa ed .
to D3, El to|E3, and Fl to F3, V\‘@ Jga#; gi_ Oxly byl detéed havi ng
not-sufficiently-high nickel p%@it ncies gﬂg g tli al Lyweebnt ai ni ng
unreact ed ni gkel hydroxi de, thelr har g&oxagsast tji es and hi gh-
| oaded di scharge capacities wefe not so |nnroved 33 [60872%) The battery B4,
the battery M, andatftél@ Mattery E4dpiwhich i nquded ni cketl7 oxyhydr oxi des
t hat wer e obtmaimed e Tong tT et T Wit e exCces JE a dition of the
aqueous sol uth—-on ng tgé, lAlglmh\/nwr‘hl ﬁl’%lgf e exhi L;0| %ed sgr_remhs’)at _
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 926 95 61

Comparative battery F3 97 97 62

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

[0069]

terms of all of the low-loaded discharge capacity.
high-loaded discharge capacity,

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

The batteries Al to A4 exhibited good values in

and the post-storage

the

The



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 DI to D3, and those of t?g batteries El to E3, respectively.
However, their performance was inferior“fo that of the batteries Al to A4
of the present invention. [0073] The batteries G to C4, which used nickel
oxyhydr oxi des including cobalt, exhibited relatively high |ow | oaded

di scharge capacities, since the nickel valence of the nickel oxyhydroxide

was- hei ght ened. However, their hjgh-] oaded di scharge capaciiies _were not so
hi gh, becad€dSoPh@icidah 1av%sda t qgtfeéiaé’fégstlteri a&gt &Shon

reducti on E@Fential of the _nickel oxyhydroxide. [0Q74] As described above,

t he i ncl ustfdFhorofdsid i8dischargsy FaREdd1Rs 18 PIRYPANIINAS FP I Fanese
dioxide in _the positive electrode m xture makes it possible to hei ghten

the capaci padt ign Siegs fdeoicdkel yddenfsodE e HGKede performance
thereof. Also, it can be seen that the inclusion of nmanganese greatly
facilitat e®XVhydsoxisies ifdn to1 Adpfare Huddicisniiin Meahe thefisThagas
hydroxide, i.e., the oxidization of the nickel hydroxide by an -oxidizing
agent. [O0CPPRELGRF @D thee ndffedt osvhysinpaticns theasms dandgfed in a ni ckel

oxyhydroxi de and the state of the nanganese were
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, El1 to E3, and F1 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.



exam ned. Seven kinds of nickel hydroxides with different manganese
contents were synthesized in the sane manner as the preparation of the

ni ckel hydroxide "a", except that the §gpp|y speed of the aqueous sol ution
of manganese sulfate (I1) was adjusted”Such that the content of manganese
was 0.3% by nole, 0.5%by nole, 1% by nole, 3% by nole, 7% by nole, 10% by
nole, or 12% by nole of the total anpbunt of netal ions contained in the

ni ckel hydroxide. These were named nickel hydroxides ml to nv. [0076] The
ni ckel hydrggi%@s m to n7 were anal yzed by powder X-ray diffraction

anal ysi s, 474! was confirmed that these nickel hydr oxi des had a O-type

crystal structure and that . the added mapganese s dissolved in the nickel
hydroxi de crystal. [6897 aFFEEXIBgdeB?iEg§tﬁ§Ya nﬁnaegbepgéﬁﬁﬁﬁg in the

sanme manner_ as the preparation of the nickel hydroxide "a", xcept that the
Suppl Y. Spedd oS! AJIIASSc ) QYIS TR dA s 1198 SRIA s

adj usted such that. the content of manganese was, 3% by nole or_ 7% by nol e of
the total P¥hddhf M hdizaatnait bt §¥CatEL VR 1tHRR B8 dde “that the
pH of the reaction solution was adjusted to 11.0, and that the tenperature

of the readduP%olsfliWniaket fRdidimedyRePdviori7gxhibited somewhat

better low-loaded discharge 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 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



The ni ckel hydroxides nB and m® were anal yzed by powder X-ray diffraction
anal ysis. As exanples, FIG 2 shows an X-ray diffraction profile (curved
line A) of the nickel hydroxide nb (M. 7% by nole, dissolved in the form
of solid solution) and an X-ray di f f r acfon profile (curved line B) of the
ni ckel hydroxide mB (Wh: 7% by nole, eutectic). [0079] These ni ckel

hydr oxi des nB and n® had a R-type nickel hydroxide crystal structure.
However, as shown in FIG 2, the nickel hydroxide nD al so exhibited peaks
attributable to a nmangan § f black., circles in FIG

ese oxi de (the positjaqns
2). Thus, 19 thaMiRakIOHHIRIHAE fFom@ Hekeh 48 rbte i sS9% ved i n
t he ni ckel hydroxide %%¥stal, but manganese_is dispersed in the formof a
manganese d3FkALZAFIMe off e Mickekihdroprigde Ry an exidizing ReFthat the
ni ckel hydroxi des nB and nm® contai ning nmanganese is eutectic. [0080] 36
Al so, the ni®®] hydroxides m to md had a vol une-basis nean particle size
of approxinmately 10 um a tap density of approximately 2.2 g/cnB, and a BET
speci fic slifalearea of 10 to 12 nR/g. [0081] Next, the nickel hydroxide ni
was converted to a nickel oxyhydroxide in the same manner as in Exanple 1,
except that 200 g of Theeamoyrel ofy #asgpaesel teadeudagludes: 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 agqueous solution of



the tenperature of the reaction solution was set to 50t, that the anount of
t he added aqueous sol ution of sodium hypochlorite was set to 1.5

equi valents, and that the treatnent ti (stirring tine) 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 (25t). The washed ni ckel oxyhydroxide was dried in a

NEkar oy e SRR PO S UERE =R MR R Hhmsal P10

pr epar ati on_ of the ni ckel q¥ Nﬂ% ept. for_t use qL t he ni ckel
P s des i AR ST e Y ot 18 BEies 9t i cBSibhnt or "t he
sodi um i ons carried on t surface of 37. each of 1he nick oxyhydr oxi des
W to e w6 rmféf £ty wigh o et Ofel %ﬁml fokel

oxyhydr oxi iumions. [0084]. The resulta ki nds i ckel
oxyhydroxigggﬁh 1% asTRC %&??%?% @l €1Eiﬁe%ft%pgioginately
10 um These n| h droxi des had a tap densjt roxi mtely 2.3
g/ cnB, a BERE '?ltt,h% ?‘%R:%r%ﬁ"é%? o1t 1ghe theasty gsojaﬂﬁfgnn‘f’%%el mean

val ence of %f rOX|nateII
justed 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 solid 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]



The ni ckel oxyhydroxides M to MP were analyzed by powder X-ray diffraction
analysis. As a result, no residual nickel hydroxide was found in these

ni ckel oxyhydroxi des. [0085] Next, using the nickel oxyhydroxides M to M,
al kaline batteries M to M were producd® in the sane manner as in Exanple
1. The battery M and batteries M7 to M are conparative batteries. [0086]
The batteries M to MD thus produced were neasured for their | ow | oaded

di scharge capacity, high- |oaded discharge capacity and post-storage
capacity retention rate in the sane manner as in Exanple 1. Table 4 shows

the results. The | ovPltadetheli REskeyhxdpaeideednhnte M? ghddoaded di scharge
capacities shown in Table 4 are percentages relative to the |ow | oaded
di schar ge ¥R3&EerPazds HeRmhPFrticddeidies farpProxiaatelyof the conparative
battery F4, respectively, in the same nmanner as in Table 3. Table 4 also
shows the dfoum.s aftammipnmidy (96 Bpomaximatelntd +& giemhe amét @ BETenent s
contained in the nickel oxyhydroxides and the state thereof (dissolved in
the form obesdfii¢ sonfisaen aseaewfedtd 0. Y0087 [Table 4] Amount of Mh
Capacity %n ni%kel retention

0081

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
agqueous 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 (25TC).
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



4

oxyhydr oxi de Low | oaded Hi gh-l1 oaded rate after discharge discharge (nol %
and capacity capacity 1-week state storage at thereof 60t (% Conparative
0.3, solid 98 99 66 battery M solutiog Battery M 0.5, solid 101 101 71
solution Battery M3 1, solid 102 102 74 7sol uti on Battery M4 3, solid 103
102 77 solution Battery Mb 7, solid 102 101 79 solution Battery M5 10,
solid 101 101 80 solution Conparative 12, solid 98 97 80 battery M

sol ution Conparative 3, eutectic 98 98 72 battery M8 Conparative 7 eutectic

o7 8 T4 el A e one 20N e et G 100 shapta By
ni ckel Oth(}'.dar%oxéfewseiié}ft' ucgtl nt%eo't501;[aol 1<9f 0/&?&/ nickel oxyhydroxide and

the sodium ijiomns.

[0084]

The resultant 9 kinds of nickel oxyhydroxides had
a volume-basis mean particle size (Dso) 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 M1l to M9 were analyzed
by powder X-ray diffraction analysis. As a result, no
residual nickel hydroxide was found in these nickel
oxyhydroxides.
[0085]

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 M1 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



"

nol e of manganese, exhibited high values in terns of all of 39 the
| ow- | oaded di scharge capacity, high-I|oaded discharge capacity, and capacity
retention rate. On the other hand, the ttery ML, which used a nickel

oxyhydr oxi de including 0.3% by nol e of nganese, exhibited |ow values in

t hese characteristics. This is probably because the anbunt of nanganese is
too small and it therefore failed to produce a sufficient effect. Al so, the
battery M7, which used a nickel oxyhydroxide including 12% by nol e of

mngances, SDgEl o i cepegla, oo

i n | ow| oaded discharge

ren PRI O e N TR L B61 1 but i ng t o
battery capacity i elatively small., [.Q089] Further, the patterjes MB and
VD, v SREURFY oo ARAREEERENT g kAR I 2 Tt St c.
exhibited rel atively high values in capacity retention rate, but their
| ow- | oaded vy é'shear?d“‘?ﬂrg’jrﬁ IQ%d‘éatPgatﬁ%%%a YL datsties were
mar kedly | ow._ The reason is probably as follows. Wen nmanganese is
di ssol ved, THetigiechs dhe rorftu@isnant siceHeained 1t e Bckfkchar ge of
a ni ckel oxyhydroxide is maintained high, so that di oxi de can

manganese
al so provi X ¥RTHdenhtandghe t%aQ%&WOﬁwf%%ﬂf@dt% eheh e Hy .

However, such effect is not produced so well in the nickel oxyhydroxi des M

[ (Bb o B latsion or eutectic).

[0087]
[Table 4]
Amount of Mn Capacity
oopryacociae | Igrloaded | Highdoned | oo sece:
state capacity capacity storage at
thereof 60C (%)
| e | s :
Battery M2 oéziuiziid 101 101 71
Battery M3 iélﬁiiﬁg 102 102 74
Battery M4 Zélﬁiiég 103 102 77
Battery M5 ;éli:iig 102 101 79
Battery M6 giljiﬁi? 101 101 80
%Oﬁfg Jl-“;{le lszo'lustoi]:;id 98 97 80
iﬁﬂﬁi;;fi;f 3, eutectic 98 98 72
ﬁiﬂﬁi:;;i;f 7, eutectic 97 96 74
ﬁiﬂﬂi;;;ﬁ;f 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



40 In this exanple, the nmean particle size (granular variation) of a nickel
oxyhydr oxi de was exam ned. N ckel hydroxi des were prepared in the sane
manner as the preparation of the nickel _hydroxide "a", except that the

vol une-basi s nmean particle sizes (D50) 3 these nickel hydr oxi des were
varied to 5 um 8 um 11 um 15 um and 20 um by varying the supply speed
of the ammonia water serving as a conplex-ion formng agent, in order to
adj ust the size of crystalline nucleus of the nickel hydroxide precipitated

in the reaction vessel d,. the growt h speed qf, the nickel  hydroxi de
a1l oo, Ui LGS AT RATES wa S iRted SRRk des xi
to x5. [0091] The nicke|l hydroxides xI to x5 were anal yzed by powder X-ray
diffractiorf 1t s anth FIRAGHSY FIRNFP YRR T3%ese ni ckel hydroxi des had a
| 3-type crystal structure, wth manganese di ssolved therein. Al so, these
ni ckel hydroxi des h@® theaptRershepder thebagtery YlenghifR YSBETA specific
surface area of 10 to 18 n2/g. [0092] Next, the nickel hydroxide x| was
converted thiekehiqay Y9G H TRy Mt rohMINganeFHi e 1,
except that 200 g of the nickel hydroxide xI was used, the tenperature of
the reacti BRI DA MY TEIeS ol oiesh gharpcterdihtcds (MhdSadded aqueous
sol ution of sodi um hypochlorite 41

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



was set to 1.5 equivalents, and that the treatnent tine (stirring tine)
after the addition of the aqueous solution of sodium hypochlorite was set
to 4.0 hours. [0093] Subsequently, the pgsultant nickel oxyhydroxide was
washed with water. The washing with water was done until the pH of the
filtrate reached 11.5 (25t). Thereafter, the washed ni ckel oxyhydroxide was
dried in a vacuumat 60t for 24 hours, to obtain a nickel oxyhydroxide Xl .
[ 0094] Nickel oxyhydroxide X2 to X5 were prepared in the sanme manner as the

preparation of the n&ﬁk%higx¥Q¥ﬂP9éiq?h ééaag?ggﬁgi%?%kéﬁgﬁyggrgk &QE ni ckel

hydr oxi des x2 to x5, " réespéctive I NS oxi dée Xl . The

anount of sodi.um.ons carried.on the.s ace, of eac . 1 ni ckel

oxyhydr oxi eagrl];érg]toonrx@o WS nglpc[%creoﬁxion}&he}%a;}r%]é%% b“i/as V\%%%tn%f’ the total of the
ni ckel oxyhydroxi de ﬁmd t?e agdiug&ions. [0995% gge.ﬂigbel oxghydroxides X
to X5 were neasured FSFe hEV HEa EaW?FEIB SPZESAd a resdF™ it was found

Lhat e Sl YRI5 Ml 0 190 LTS MRy S8, e DT L Cle
e LD SIS M S Y D SR A B %80t % 1
these nickel hydroxides were varied to 5 um, 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/cm® 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



10 to 20 nR/g. [0096] The nean val ence of nickel contained in each of the 5
ki nds of nickel oxyhydroxides was approximately 3.0. Also, the presence or
absence of a nickel hydroxi de was deterg}ned by powder X-ray diffraction
anal ysis. As a result, no residual nickel hydroxide was found in the nickel
oxyhydroxides XI to X5. [0097] Next, using the nickel oxyhydroxides Xl to
X5, alkaline batteries XI to X5 were produced in the sane nmanner as in
Exanple 1. The batteries XI and X5 are conparative batteries. [0098] The

batteries Xt oox5 Lhns, pLouEad wer &0, HRARN 60 d QloLgbhe | Pl 0aded

di scharge capacCity, hig charge capaci ty and pos or age

capacity retenti.on rate, Table sh the r |ts. The |lo ade
di schar ge c(fr}-&fﬁ‘flgsEgﬁ%) Ky &2‘&88@?%% iare _ Stgléapggufaf)gg Sé\%‘(h)%oq %il'abl e 5
are percent%%f relati to the Iom#lggggﬂ% di scharge capacity and

hi gh- | oaded li’fph Vﬁgcﬁg?)ﬁﬁet st St HAWiSve battery F4, respectively,

in the samel.é)f ner as in Table 3. Table 5 al so shows the nean particle
si ze (D50) e ni ckel oxyhydroxide included in each battery. 43 [0099]

Table 5
( ] Subsequently, the resultant nickel oxyhydroxide

was washed with water. The washing with water was done
until the pH of the filtrate reached 11.5 (25%C).
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 (Ds;) as those of the nickel hydroxides
x1 to x5, respectively. Also, the tap densities of these

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



Mean Capacity particle retention size (D50) of Low | oaded Hi gh-|oaded rate
after nickel discharge discharge 1-week oxyhydroxi de capacity capacity
storage at (Al71) 60C ($) Conparative 3,99 99 67 battery Xl Battery X2 8
103 102 77 Battery X3 11 103 103 79 Battery X4 15 103 103 76 Conparative
20 100 99 66 battery X5 Conparative 10 100(standard) 100(standard) 65
battery F4 [0100] As shown in Table 5, the batteries X2 to X4, which used
ni ckel oxyhydroxi des with volunme-basis nean particle sizes (D50) of 8 to 15

gm exhibit ' ' I I aoedk ity,

hi gh- 1 oadet?%chdimsc afrlgéeﬂg}géécﬁ%(! a%f%%ac%é$et ent idjblﬁc'pg‘% gﬁfﬁg&lﬁ On the
ot her hand,(;q§2gﬁ;%?? X1, which used a nickel oxyhydroxide with a snal
mean partigle sl ze O ‘um and the battery X5, which used a nicke
oxyhydroxid[(;)0 jth a large nean particle size of 20 um did not exhibit
satisfactory Vvalues in | ow | oaded di scharge capacity, high- |oaded discharge

capacity and CapaCit¥h5ekggkiggléﬂES'of nickel contained in each of

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 (Dso) of the nickel oxyhydroxide included in each

battery.



Al t hough the reason of such difference has not been fully elucidated at
this nmonent, it is considered as follows. 44 That is, when a nickel
oxyhydroxide with a particle size of 5,4ymor 20 umis used, the degree of
el ectrical contact between positive electrode m xture particles and the
el ectric conductivity of the pellets associated therewith are relatively
poor. Particularly, this becones evident when the self-discharge of the
ni ckel oxyhydroxide (conductivity deterioration of particle surface)

pr oceeds dgifhe one week storage at 60C. [0102] Al so, another

experi ment nducted in which the nean particle size of electrolytic
manganese dl%qu gontained in the positive electrode m xture was varied in
t he range of £0°30 um the nmean particle size of graphite was varied in

the rangefof 5 to Z20fum meanthe [mxing ratip of a nickel aapiyidyoxj de was
varied. Although the|depaitislare|l not I b r |1 wetenshewn  t hat
the capac|ty retenti 5ﬁ1¥ﬁat(Bsoé)f°ft %-W 18 ed a;{gé %g&ed Pt%)ngrf‘iﬁéek st or age
at 600C was rel at ed NlothzéiI r$a @@atghgi}e 5i Zga cﬂ;iae Cf Og‘g a¥hydrOXI de.
That is, |t was con GE he use of a| nickel oxyhydro Aﬁé Wlth a
volune;ba‘-° Ran-pat ti-eclhe '7° D50)—ef—8-tp—15-um prn"JQ apacity
retention éﬁ: ri§ﬁ53] As ﬁescrlaed albéve, it was Found {hat @Hjustlng t he
mean particlre si a nickel—ogyhydroxide 1t tthe

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

iﬁgﬂiﬁg}%ﬁf 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.



1

range of 8 to 15 umis extrenely inportant in terns of 45 securing

di scharge capacity and storage performance. [0104] Exanple 4 In this
exanpl e, an experinment was conducted in order to obtain findings regarding
t he ni ckel nean val ence of a nickel oxﬁﬁydroxide. A ni ckel hydroxi de was
converted to a nickel oxyhydroxide in the sane manner as in Exanple 1,
except that 200 g of the nickel hydroxide "a" (conposition:

Ni 0. 93WMn0. 03(OH) 2) prepared in Exanple 1 was used, that the tenperature of
the reaction solution was set to 50C,_ that the anount of the added agueous

sol ution of TR3Hi 1¥n PR MR RiFkeel \REYREITHIYS Bleh quParinte $ige ©
equivalent, 1.2 equivalents, 2.0 equivalents, 2.5 equivalents, or 3.0
equi val ent s5 4Rdorhaf kReisraesedrenthe idrdyet iof ieveetnigal Lertache addition
of the aqueous solution of sodium hypochlorite was set to 6.0 hours. [0105]
Subsequent |Betveen rpesithve Slechrdefmixtwee PaxyhgHedxapdsthere washed
with water. The washing with water was done until the pH of the filtrate
reached 11.&6le¢tsi¢ capduehivity ohethaspebletskassoxjayedokheeewiehe dried
in a vacuum at 60C for 24 hours, to obtain nickel oxyhydroxides Yl to Y6.
The anpunt afesoelabivehy peeri e®amidiiaiy.f ddd ofberamtemiekiglent
oxyhydroxi de was approximately 0.8% by wei ght of the total of the nickel

when the self-discharge of the nickel oxyhydroxide

(conductivity deterioration of particle surface) proceeds

during the one week storage at 60C.

[0102]

Also, another experiment was conqucted 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 oxyhydroxide 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



46 oxyhydroxi de and the sodiumions. [0106] The resultant 6 kinds of

ni ckel oxyhydroxi des had a vol unme-basis nean particle size (D50) of
approximately 10 um a tap density of ggproximately 2.3 g/cnR, and a BET
specific surface area of 10 to 15 n2/g. [0107] The mean val ence of nickel
contained in each of the resultant nickel oxyhydroxi des was neasured. Table
6 shows the results. Table 6 al so shows the anbunts of the added aqueous
sol ution of sodium hypochlorite. (0108] [Table 6] Amount of Mean val ence of

Ni ckel aq“e&%ﬁ%ﬁgﬁh&%ﬁ%ﬁ%@93@%&@?3705880@% e C?%Ef%gg.%@fged In

hypochl orite nic oXI| equi val 1.0 equival ents
2.93 Y3 1. qﬂﬁivalents 2.95 Y4 2.0 eqU|vaIents 3.02 Y5 2.5 equival ents
3.05 Y6 3. valents 3.07 [0109] Next, using the nickel oxyhydroxides
Yl to Y6, é%l«ﬂi.ne batteries Yl to Y6 were produced in the sane manner as
I n Exanpl e

In this example, an experiment was conducted in
order to obtain findings regarding the nickel mean valence
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 60°C 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



[0110] The batteries Y1 to Y6 thus produced were 47 neasured for their

| ow- | oaded di scharge capacity, high- |oaded di scharge capacity and
post-storage capacity retention rate ipggthe same manner as in Exanple 1.
Table 7 shows the results. The | ow | oaded di scharge capacities and

hi gh-1 oaded di scharge capacities shown in Table 7 are percentages relative
to the | ow | oaded di scharge capacity and hi gh-|l oaded di scharge capacity of
the conparative battery F4, respectively. [0111]] [Table 71 Capacity
Low | oaded Hi.gh: ed r har ge di scharge after 1-week
capacity ca%& cl dro&dlo#iea ﬁgné%%cggl‘ﬁ%a%rgy Y1 98 98 73 Battery Y2 100 99
77 Battery(ﬁgué 1101 79 Battery Y4 103 103 80 Battery Y5 103 102 80
Battery Y6 & 80 Conparative battery F4 100(standard) 100(standard) 65

[0112] As shown in Taple [, 108 P LEHES oF 1B Wdihyaroxides haa

a volume-basis mean particle size (D,,) of approximately

10 um, a tap density of approximately 2.3 g/cm’, and a BET
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 .Mea? valen;e gf.
oxyhydroxide of sodium n}cke containe n
hypochlorite nickel oxyhydroxide

Y1 0.9 equivalents 2.89

Y2 1.0 equivalents 2.93

¥3 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 Y1 to Y6 were produced in the same
manner as in Example 1.

[0110]

The batteries Y1 to Y6 thus produced were



ni ckel nmean val ences of 2.95 to 3.05 exhibited high values in all of the

| ow- | oaded di scharge capacity, high-loaded discharge capacity, and capacity
retention rate. The batteries Y1 and Y2 mith nickel mean val ences of |ess
than 2.95 exhibited slightly |Iower discharge 48 capacities, since the
capacity of the nickel oxyhydroxide per unit weight becones |ess. The
battery Y6 with a nickel nean val ence of higher than 3.05 exhibited a
slightly I ower high-loaded discharge capacity. This is probably because if
t he ni ckel o] . very . hi he. ' f.l Lve J:iype
structure i%g$%€P%?c€§f g@%ﬁ%d%%&ﬁ%ég?%érgéégéép%é %%Q%?%E%d aﬁ%%e, in the
present invention, i I r t ' _ n of nicke
cont ai ned féé%?@i% %fh%§§§y§%§§§§9 i%n?ﬂ%&%%ﬂ%@@g?& .5%3%§Eg§05. It should

b d th |J.of th b ' h d h iSti d
Uhese bat t arP B C 1R BAEF oL, b cEaRe TN Bhi S61 TR RaNR bt | G Bhe whor e

particul arly storage characteristics are |i rtant. [0113 le 5.1n
this exanpl%l',’o‘fﬁe t BF SWakhi néﬁ’ceoﬁdm“llﬁ?sc{%f &qutﬂac‘%&q ﬁégﬂ'ﬁ%gtra%% P er e
exam ned. 1t should_be noted that a change in water-washing conditions
causes a ch%h%%‘l?ﬁd?ﬂedéﬁﬁﬁﬂ¥9%fc%B@?hF+gﬁn§h€§Pr?BdTﬁhl?hg P&fticle

surface of the nickel oxyhydroxide. [0114] . )
percentages relative to the low-loaded discharge capacity

and high-loaded discharge capacity of the comparative

battery F4, respectively.

[0111]
[Table 7]
Capacity
Low-1loaded 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 Y5 with
nickel mean valences of 2.95 to 3.05 exhibited high values
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



A ni ckel hydroxi de was converted to a nickel oxyhydroxide in the sane
manner as in Exanple 1, except that 200 g of the nickel hydroxide "a"
(conposition: N o.95Mo.0s(0H)2) prepangd in Exanple 1 was used, that t he
49 tenperature of the reaction solutlon was set to 50t, that the anount of
t he 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 hypochlorite was set to 4, 0 hours [ 0115]
Subsequent | t he resultant njckel oxyhydroxide was vater. The
wahi ng i t%d%%tlm S Ple HAT cerSReTOE 2h fe SRR Y EPF I8l e
filtrate reached.é Qﬁ 0, 11.5, 11 0, or 10.5. Each nlckel oxyhydrOX|de
after the Wter? HVﬁbg SPLFPREE i H %.Vacuunt at 60t for 24 hours,

obtai n ni ckel oxyhydr es with different amounts of odluntlons
carried on the surfé@@ q’[a(?ff@]y ¥ﬁewvlé:§ulat é’r?tc}‘fq%vé“%rhd’?tiﬁ“ c‘kftsa
oxyhydroxides W to Wb_had a nean particle sizes roximately 10
gm Al so, thkEkeRithan %x?ﬁyﬁ*%k?ﬁ%%dh%dsé?g%ElHeﬁQW?§ hbgh EB?Gﬁﬁnately 2.3
g/cm and a BET specific surface area of 10 to 15 n2/g. [0117] The anount
of sodi um | $h3CRAFI¢ cBAPACL RE- s ¥ d SHP TR i REKEIU T vy ol i RECK R

neasured. Table 8 shows the
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



results. Also, Table 8 shows the pH of filtrate derived fromwater used to
wash each ni ckel oxyhydroxide. [0118] 50 |[Table 8] N ckel pHof filtrate
Amount of sodiumion derived fron1carrh d on nickel oxyhydroxi de washed
wat er oxyhydroxide surface (wt% W 12.5 1.42 W2 12.0 0.98 W 11.5 0.76
W 11.0 0.51 W5 10.5 0.39 [0119] Next, using the nickel oxyhydroxides W
to Wb, alkaline batteries WL to Wb were produced in the sane nmanner as in
Exanple 1. [0120] The batteries WL to Wb thus produced were neasured for
their | ow | oaded discharge capacity, high- |oaded discharge capacity and
post - st or ageemRFAGure of cthatFeArtiane sodutpansyae sehre 3L nftadhe 1.
Table 9 shows the results._ The | ow | oaded di scharge capacities and,

hi gh- | oade PR hLHetRaRRied cadusim Falubbre of spediym h¥pPeheeriteati ve
to the | ow | oaded di scharge capacit and_hi gh-1 oaded di scharge capacity of
t he conpar afgas,esebatqelgyS Fquj:‘é%m $Vequy_i that the treatment time

(stirring time) after the addition of the aqueous solution of
sodium hypochlorite was set to 4.0 hours.
[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 wvacuum
at 60°C for 24 hours, to obtain nickel oxyhydroxides W1l to
W5 with different amounts of sodium ions carried on the
surface.

[0116]

The resultant five kinds of nickel oxyhydroxides
W1l 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]



[0121] 51 [Table 9] Capacity Low | oaded H gh-loaded retention rate

di scharge discharge after 1-week capacity capacity storage at 60 C (%
Battery WL 101 100 69 Battery W 103 1Q@3 77 Battery WB 103 102 78 Battery
Wl 102 101 77 Battery Wb 100 100 72 Conparative 100(standard)

100(standard) 65 battery [0122] As shown in Table 9, the batteries W to
Wi, in which the pH of filtrate derived fromwashed water was 11.0 to 12.0
and the amount of sodiumions carried on the surface was in the range of
0.5t01 % t‘>"fi ggg of the total of the nickel oxyhydroxide and the sodi um
ions, exhi '% qehli)h values in all of the | owl oaded di scharge capacity,

hi gh-1 oaded dis rge [canof tofltpdt@ dapadmbynt ot svtinorianat e.| [ 0123] On the
ot her hand H%;l}b LEErly \Abriver whemch |t he eafaled o5f niFelum i ﬁns carried on
the surfate dr eat er  eRkefl ¥9495y ey draside biurédcedvidr mance
degradati pn maiwd y 12.5 1.42

W2 12.0 0.98

W3 11.5 0.76

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 W1l 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]
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[0123]

high-loaded discharge capacity,

rate.

On the other hand, the battery W1,

in wh

and capacity

ich the

amount of sodium ions carried on the surface was dgreater

than 1% by weight,
in terms of storage characteristics,

have a strong effect as an impurity.

Also,

exhibited performance degradation mainly
since the sodium ions

the battery W5,

in which the amount of sodium ions carried on the surface

was less than 0.5% by weight,

exhibited little improvement



1. Table 10 shows the results. Also, the | ow | oaded di scharge capacities and
hi gh-1 oaded di scharge capacities shown in Table 10 are percentages relative
to the low 53 |oaded discharge capacitysand high-1oaded discharge capacity
of the conmparative battery F4, respectively. Also, Table 10 shows the

m xing ratio of electrolytic manganese dioxide, the nickel oxyhydroxide,
and graphite contained in the positive electrode mxture of the conparative
battery F4. [0126] [Table 10] Mxing ratio of positive Low | oaded

o B B S5 PRSECE P SRRt B P L
g 5 108 81 §gg%égrszérggégfﬁyF§2F99%5W5 1%%192 atterg Zf 8? %§%§ 106 101
attery z4 51%0 afPet§-78VE5 303902 90F" BAL t 8 y52%6M4B 65 5
103 104 Batery 27 19,0 5,101 108 Battery, 79 10 95.5,98,108 jBattery 29 5
of the nickel oxyhydroxide is apt to lower upon discharge,

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 Z1 to Z10 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-
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[0126]
[Table 10]
Mixing ratio of positive Low-loaded High-loaded
] (wt3) discharge discharge
electrode mixture (wt capacity capacity
Electrolytic .
manganese o glgigiide Graphite
dioxide xyny
Comparative
battery 21 95 ] 5 108 81
Battery 72 90 5 5 107 92
Battery Z3 85 10 5 106 101
Battery Z4 80 15 5 106 102
Battery Z5 65 30 5 104 103
Battery 76 30 65 5 103 104
Battery Z7 15 80 5 101 105
Battery Z8 10 85 5 98 105
Battery 79 5 90 5 96 106
Comparative
battery 210 ) 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




The el ectrol yti c manganese di oxi de used in Exanple 1 and the nickel
oxyhydroxi de A4 prepared in Exanple 1 were m xed together in a weight ratio
of 1:1. The graphite used in Exanple 1 s added thereto in 6 kinds of

wei ght ratios relative to the positive electrode mxture as listed in Table
11, whereby 6 kinds of powder m xtures were obtained. Al kaline batteries Ul
to U6 were produced in the sanme manner as in Exanple 1, except for the use
of 55 these powder m xtures. [0130] These batteries Ul to U6 thus produced

were measured fqr their |owloaded di scharqge capacjty and high- | qaded

di schar ge é’éﬂ{r& 58 FAHe ?gné:?‘r‘?aﬁﬁé: ez’s ".’ﬁ%’%é@;fﬁgﬁlée %‘.4 b el%ls s t he
results. The | ow | ogaded di scharge . capacities .and .high-1a d, di scharge
capaci ti es 19Foly Wl I @x%T%dTgE@dpéireé’Er‘ﬁaiﬁés %&ﬂtqt\/'g'otaéiaetd‘ﬁéhlﬁar ed

di scharge capacity and hi gh-1 oaded di scharge cagaqit of the conparative
battery F4CaPe&idati veP§seTEEFELEE dpdacatiofbatnd takSuRESERLTGPASI t e
contained in the positive electrode m xture of the conparative battery F4.

[0131] [T&ked 10 tRat8dh oy gedmlit ©f o nigkelbosredidrridaded positive

di scharge di scharge electrode capacity capacity
including manganese be included in the positive electrode

mixture since it provides both good low-loaded discharge
capacity and good high-loaded discharge capacity.
[0128]

Also, the batteries 721 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



m xture (% 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(standargy 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 less than 3% by weight, exhibited a slight
decr ease paiiddeul v}&’ef tﬂﬂ:el paded discharge capacity, since the
conductive netvvo I nsSi e t p05|t|ve el ectrode m xture becones inperfect.
In the casio%the battery U6, in which the mxing ratio of graphite is
greater than oby weight, the ratio of the active materials in the

positive el ectrode mrﬁ g%en% f?,r e%r%glsgti];fgl hu9|%r§3'§ca S‘gﬁrgr obably for

this reason the energy arge. These

resultsmdlcatet t nt inventiqn it is referred that 3 to 10
% by wei ght™H 44 %%lr}%} ﬁt ca é/cé(}rﬁ‘%f icl"1a9¥ & h6sFE VAt ect r ode
m Xt ur e.

loaded 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



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 applications
suited for their characteristics can pF duce sufficient effects. [01331
Further, the foregoing exanples relate T0 the use of nickel oxyhydroxides
I ncl udi ng 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
whi ch ni ckel oxyhydroxide powder incl udi ng nanganese is filled into the

battery ca e tap densi referabl r nnre In
consi deratl%&ﬁ 9 red:neYﬁ oST atﬁwe P 05| %rl@’t g’c‘tor%d‘é ure W th

the el ectrol yte | |de battery ecific s rea S
preferablyT ltoné) éunge 9y S I%[Fftﬁyp Sy oer T exanpl es used
ni ckel oxyh_drOX|des |nclud|ng nman nese aI t th use of _ni cke

oxyhydr ox! GEKEHA 0 iy Warfhred A-ah SralPer DARSERY J - dforer Cerrent

t han manganese, such as zinc or cobalt can produce essentlally t he sane
results. A% “t%%r’@d-’dlond’ >83Frﬁﬂ ik shrihan o8 (e veiHiluct i ve
agent, but the use of one of various carbon blacks and fibrous carbon al one
or in conbiexitiited tth slgrBphidecraaseh PaHItta Ay dgeftiganlrRlice t he

essential effects of the present invention. [0135]
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. 1In consideration of the density at which
nickel oxyhydroxide powder including manganese is filled

into the battery case, the tap density is preferably 2.15



Further, the present invention is applicable to batteries of other
structures, such as alkaline button or rectangular type, than the so-called
i nside-out type alkaline battery as préduced in the foregoing exanples in
whi ch the tubul ar positive electrode m xture pellets, the separator, the
gel negative electrode, etc., are placed in the cylindrical positive

el ectrode case. Industrial Applicability [0136] The present invention can
provi de an al kaline 58 battery having high capacity and i nproved storage
characteri §/j@as. obusloran alkatoneidetadtiyncaf breusmprefinatiexavpl eheas t he
power source for portable electronic devices. 59 CLAIMS 1. An al kaline
battery comusistiige celdotrdde amtantd ofict i ttieir€le@tneDpte venei @st tivde, and
a separator interposed between said positive electrode mxture and said

negative elppitde, e BPPSipdyEr £t aHirfdlee Mrdalres prefedapyaini ekel
oxyhydr oxi de, manganese di oxide and a conductive agent, wherein (1) said

ni ckel oxyhyfHqxigle 5iﬂ@Iy@qg/%L | east nmanganese di ssol ved therein, and said
manganese accounts for 0.5 to I0 % by nole of the total anmount of netal

el enents copggdppd in said nickel

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



oxyhydroxi de, (2) said nickel oxyhydroxide mainly has a R-type crystal
structure, (3) said nickel oxyhydroxide has a volune-basis nean particle
size of 8 to 15 p m and sai d ni ckel oxg@ydroxide has sodi umions on the
surface thereof, and said sodiumions atcount for 0.5 to 1 % by wei ght of
the total of said nickel oxyhydroxide and said sodiumions. 2. The al kaline
battery in accordance with claim1l, wherein said nickel oxyhydroxide has at
| east one of the physical properties of: 60 (4) a nickel nean val ence of
2.95 to 3.05;. (5).a tap density of .2.15 cnB or re; _and (6) a BET
specific s@ﬁ%@%i)a Vld'Pg g“t‘-%‘ arﬁ?f%é’ e PPTRYES iR ery in
accordance with «claim.l, wherejn saig ni ¢ckel . oxyhydr oxi de accouynts for 10
Lo 80 % by AR UHHGF poSPERVERePLERLONE RPLFAFY. CAD PeUSPal FoF
battery in accordance with claim1l, wherein said conductive agent is
graphite, &FEMRSG d af dHG BOVEIc AANESS Fom3 R AP % (B SRETR1IDf said

positive el ectrode m xture.
devices.
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CLAIMS

1. An alkaline battery comprising a
positive electrode mixture, a negative electrode, 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) saild nickel oxyhydroxide mainly has
a B-type crystal structure,
(3) said nickel oxyhydroxide has a
volume-basis mean particle size of 8 to 15 pm, and
sald nickel oxyhydroxide has sodium ions on the
surface thereof, and said sodium ions account for 0.5 to
1 % by weight of the total of said nickel oxyhydroxide and

sald sodium ions.

2. The alkaline battery in accordance with
claim 1, wherein said nickel oxyhydroxide has at least one

of the physical properties of:
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(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 accounts for 10

to 80 % by weight of said positive electrode mixture.

4., The alkaline battery in accordance with
claim 1, wherein said conductive agent is graphite, and
sald graphite accounts for 3 to 10 % by weight of said

positive electrode mixture.



