26 'SEPTEMBER 2006 1 DESCRI PTION ALKALI NE BATTERY Technical Field [ 0001]
The present invention relates to an alkaline primry bZtSEPTEMBER2006CUl arl y,
the invention relates to a so-called nickel-nmanganese battery conprising a
positive electrode material mxture containing manganese di oxi de and ni ckel
oxyhydroxi de as active materials, and adopting an inside-out structure.
Background Art [0002] Al kaline batteries usually have an inside-out
structure. The inside-out structure conprises: a positive electrode case
serving also as a positive el ectrode pRephpstion Cy!indrical positive

el ectrode material mxture pellets conprising nmanganese di oxi de which are
attached to the inside. of the positive electrode case; and a gel zinc
negative el ectrode disposed in the hollow of the positive el ectrode

mat eri al nix§§§§&§5hL?%&F§%§h a separator interposed therebetween. The
positive ele ' m xture of alkaline batteries usually conprises
el ectrol yti c manganese dioxide and a graphite conductive nmaterial. 26
SEPTEMBER 2006 2 [0003] Wth the wi despread of digital equipnment in recent

Technical Field
[0001]

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

structure.

Background Art
[0002]

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

dioxide and a graphite conductive material.



years, the |oad power of the equipnment that use alkaline batteries is
gradual |y increasing. Accordingly, demand is i ncreasi ngSEBPTEMBERR006eS t hat
excel in high | oaded discharge performancg. In order to cope with this
dermand, it is proposed to inprove high | oaded di scharge perfornmance of

al kaline batteries by mxing a nickel oxyhydroxide with a positive

el ectrode material m xture (see Japanese Laid-Qpen Patent Publication No.
Sho 57-72266). In recent years, alkaline batteries |like this have been
connercializetbda§3 spread wi dely. [0004] The nickel oxyhydroxide used for
al kal i ne batt S usually prepared by oxidizing spherical or oval
shaped nickel hydroxige, us al kal i.ne_st pr batteries . (secondary
batteries) with an oxi gf'"z'ﬁ gh%gf@rﬂ spEeadaet & %ﬁe&@l%‘?ﬂfﬁ'l bé\ BFCRRYi um
hypochloriteaésee Ja an se_Exam ned Eatent Publ.i cat |on No. FEI 04- 80513) .
In order to fY§3-%- hé’f ni eﬁ‘élp‘?ﬂ%ﬁrtﬁ' P aeanipRent tePFeatlkahinm density,
ni ckel  hydroxide having a high bulk density (tap density) and conprising a
crystal hav1rR?Q%qﬂlﬁfpéssﬂ?%QHQﬁ%¥W1§°E§E§}?? udEEOTALNGLY o damand, 18 . By
treating the raw material with an oxidizing agent, nickel oxyhydroxide
conpri sing a ¥NGreAsinghEer lepttexieppdhat  eeek dn high Apaded I
SEPTEMBER 2006 3 For the purpose of enhancing the capacity or utilization

of the positiparfsitpancede Imnorker hydeepsd adthothig| @emand, sttordsge batteries
contai ning cobalt, zinc and the

. proposed to improve high loaded discharge performance of
alkaline batteries by mixing a nickel oxyhydroxide with a
positive electrode material mixture (see Japanese Laid-Open
Patent Publication No. Sho 57-72266). In recent years,
alkaline batteries like this have been commercialized and
spread widely. |
[0004]
| The nickel oxyhydroxide used for alkaline batteries
is usually prepared by oxidizing spherical or oval shaped
nickel hydroxide used for alkaline storage batteries
(secondary batteries) with an oxidizing agent such as an
aqueous solution of sodium hypochlorite (see Japanese Examined
Patent Publication No. Hel 04-80513). In order to f£ill the
nickel oxyhydroxide into a battery at a high density, nickel
hydroxide having a high bulk density (tap density) and
comprising a crystal having a B type structure is usually used
as a raw material. By treating the raw material with an
oxidizing agent, nickel oxyhydroxide comprising a crystal
having a f type structure is obtained.

[0005]



like is often used (see Japanese Exam ned Patent Publication No. He
07-77129). Cobalt, zinc and the |like are incorporated 26SEPREMBER320®@ s of

t he ni ckel hydroxide, whereby a solid solytion nickel hydroxide is forned.
[ 0006] Even in recent years, various proposals have been made. For exanple,
Japanese Lai d- Qpen Patent Publication No. 2002-8650 proposes to use
substanti al |l y-spherical nickel oxyhydroxide in an alkaline battery.
Japanese Lai d-Open Patent Publication No. 2002-203546 proposes to use a

solid solution nickel _oxyhydroxide containping, zi or_cobalt. Japanese
Lai d- Cpen Pat ent Publ | EBF1 SHE NBLTRRSS: 031 SpapC e CEhe qapac 8F ( he BET
specific surface area of nickel oxyhydroxide._ Japanese Lai d-Open Patent

Publ i cati on Ndtibigedionoof the pasiddye; leghredt . ttHeketotwarerida foburity

contained in nickel oxyhydroxide such as sulfate ions. Japanese Laid- Open
Pat ent Publ i ctkkaddngo stogage 1batterigsosentaining srhadit . @dacagefatlkeparticl e
si ze of nickel oxyhydroxide or electrolytic nanganese dioxide. It can be
sai d that al |lide ishefeppused s(sestlapaagsapexaningd RateatbRybdieatior sane
conception, that is, just to apply well-known techniques of the positive
el ectrode forNal e 99-370R9)e babadti ezifmmands&bendike awvetincarponated
primary batteries. 26 SEPTEMBER 2006 4 Disclosure of the Invention [0007]
When a ni ckel imxyHey dimystdsi of atliechilcked hgdraxidenpdsinebyn aokolidct rol ytic
manganese di oxi de and a graphite

solution nickel hydroxide is formed.

[0006]

Even in recent years, various proposals have been

made. For example, Japanese Laid-Open Patent Publication No.

2002-8650 proposes to use substantially-spherical nickel

oxyhydroxide in an alkaline battery. Japanese Laid-Open

Patent Publication No. 2002-203546 proposes to use a solid

solution nickel oxyhydroxide containing zinc or cobalt.

Japanese Laid-Open Patent Publication No. 2003-31213 proposes

to control the BET specific surface area of nickel

oxyhydroxide. Japanese Laid-Open Patent Publication No. 2003-

123745 proposes to control the amount of an impurity contained

in nickel oxyhydroxide such as sulfate ions. Japanese Laid-

Open Patent Publication No. 2003-123747 proposes to control

the average particle size of nickel oxyhydroxide or

electrolytic manganese dioxide. It can be said that all of

the proposals mentioned above were made based on the same

conception, that is, just to apply well-known techniques of

the positive electrode for alkaline storage batteries (or

secondary batteries) to primary batteries.



conductive material, the discharge voltage of the obtained battery having
zinc in the negative electrode often exhibits two pl at2EPTEMBER2006A fir st
pl at eau occurs around a battery voltage qg about 1.6 V. A second pl at eau
occurs around a battery voltage of about 1.25 V. The di scharge capacity in
the first plateau region is mainly attributed to a discharge reaction in
whi ch ni ckel having a val ence of about 3.0 contained in the nickel
oxyhydroxide is reduced to a | ower oxidation state. [0008] In general, it
can be stated that the greater the discharge capacity in the first plateau,
the nore advantageous it is to achieve a higher capacity battery. However,

I f the dischar I s perfor.ned until the nickel oxyhydroxide is conpletely
reduced closé"F%SPﬁEr iQ%JERﬁ(tﬂﬂﬁﬁglPH the first plateau region, the

el ectroni c conductivity of the nickel oxyhydroxide sharply drops, which
reduces the dI%9%donic” conductivity of the whole positive el ectrode active

material mxture. As a result, the capacity of the electrolytic nanganese
di oxi de that contri but¥er @ nigkedhaxpaydepeidends addefetced PR at eau

regi on cannot be utilized sufficiently. 26 SEPTEMBER 2006 5 [0009] Taking
this into cowsmpesition, of telegtusdytdeninakganese dioxide arihgdgoaphddeshoul d
not be discharged conpletely in the first plateau region. Preferably, the
ni ckel oxyhydomdugtiveasaterippr dvei diechavgatvalitagesofushecapbtaingdin the
second plateau region. Presumably, this allows the positive

battery having zinc in the negative electrode often exhibits

two plateau regions. A first plateau occurs around a battery

voltage of about 1.6 V. A second plateau occurs around a

battery voltage of about 1.25 V. The discharge capacity in

the first plateau region is mainly attributed to a discharge

reaction in which nickel having a valence of about 3.0

contained in the nickel oxyhydroxide is reduced to a lower

oxidation state.

[0008]

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

manganese dioxide that contributes to a discharge reaction in

the second plateau region cannot be utilized sufficiently.



el ectrode material mxture to maintain relatively high electronic
conductivity even when the el ectrolytic manganese di 0X36$EPTEMBERBEHEr ged.

[ 0010] Meanwhile, fromthe standpoint of the productivity and cost of the
raw material, a nickel oxyhydroxide for alkaline storage batteries is
applied as it is to alkaline primary batteries in nobst cases. Because the
mat eri al devel opnent based on a specific discharge nechanismas described
above has not been done yet, the capacities of the electrolytic manganese
di oxi de and @goghckel oxyhydroxi de which are contained in the batteries
are not alwa fficiently utilized. Means for Sol ving the Probl ens

[ 0011] An object of th&?&%$s t invention is t sufficiently use.th
capacities of electrol %&E‘&&néﬁ ° ‘a?%%&%gag:ﬂ'ana A ckE %%ﬁ%fiﬁﬁ%de
which are contained, ip an_ al] kal,ine batfer ile.mapntaining the electronic
conduct vity be SEFrehepR IR eorba it ke SHSEhAsaed SImTSHENY dur e
even during the discharge of the electrol ytic manganese di oxide in the

second pl at éBg F&gFEnP1atRAD resionme PIsfedaP1lys the HekednOxXvhydRpxéfeis to

provide an effective neans to further inprove the high | oaded discharge
per for mance &3§ BheaDPropriatemmoung| eftFesidual caRagih¥sdn dihsspcond

plateau region. Presumably, this allows the positive
electrode material mixture to maintain relatively high
electronic conductivity even when the electrolytic manganese
dioxide is discharged.

[0010]

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

sufficiently utilized.

Means for Solving the Problems
[0011]

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

alkaline battery while maintaining the electronic conductivity



[0013] Specifically, the present invention relates to an alkaline battery
conprising a positive electrode, a negative el ectrode 258PEBMBERabt6ne

el ectrolyte, the positive electrode conprjsing a positive el ectrode
material m xture containing a nickel oxyhydroxide, electrolytic manganese
di oxi de and a graphite conductive material, wherein the nickel oxyhydroxide
conprises a crystal having a P type structure, the crystal having nanganese
di ssolved therein, and the anmount of the manganese contained i n the nickel
oxyhydroxide is 0.5 to,10 nolt relative, tp the total unt of .t he nickel
and manganes&®f @oRPﬁFﬁ%XF|?}qqﬁ§QRFCW€FeB& EbeVFBO HleHOFQ%r obj ect
of the present invention is to proyvide an effective neans to jincrease_ the

capacity of td&chazgecpy the &hﬂ%ﬁ'@ﬂ-ﬁé‘&e‘[‘a%ﬁﬂi‘qsﬁpfi&%‘ Bfeift the 238F2RE of

the electrolytic manganese dioxide by controlling the discharge 4 capacity
of the ni ckelPl®steRidFegier- obt ai ned in the second 26 SEPTEMBER 2006 7
pl ateau region to an appropriate level. [0015] In order to achieve the
above objectiW®d2]t he present invention provides another alkaline battery
conprising a positive electrode, a negative electrode and an al kal i ne
el ectrol yte, the posithAnetidrcbiedt obnphé gragemntpdoiventioneisctoode
material m xture conprising a nickel oxyhydroxide, electrolytic nmanganese
di oxi de and pmivddel ar ebffekicives meanst toi flirthidr impriore thghhdlghxlokeddds t he
foll ow ng

discharge performance and the utilization of electrolytic

manganese dioxide.

[0013]

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

[0014]

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

electrolytic manganese dioxide by controlling the discharge

capacity of the nickel oxyhydroxide obtained in the second



properties. Specifically, in the present invention, when a nolded article
conprising a mxture of the nickel oxyhydroxide and t% SEPEEVMIBER 2@0onducti ve
material is inrersed in an aqueous solutipon containing 40 wt% KOH, and a
constant current per gram of the nickel oxyhydroxide of 5 mAis then
applied to the nolded article, the potential of the nolded article exhibits
a first plateau region ranging from+500 to +100 nV relative to an Hg/ HgO
el ectrode and a second plateau region ranging from +100 to -400 nV rel ative

to the Hg/ HgO el ectrode, The discharge,c city in the first plateau region
per gram of ﬁﬁ@teﬁPcEﬁglﬁ&yﬂﬁd¥bﬁP@§°g§l§§8 ?V%éﬁ) mAh. The di scharge

capacity in the second plateau region per gramof the nickel oxyhydroxide
is 10 to 25 rR9158ffects of the Invention [0016] According to the present
i nvention, because the 26 SEPTEMBER 2006 8 ni ckel oxyh¥droxide I s not
conpl etely di scharged B eFlex jtosachieye cthe rakfivien cRd@ctivess e appropriate
| evel of residual capacity in the second region, the electronic
conduct i vi t y presenite 1pventicn priavidesdanather i adkatilveubatteryatompiisihat a
hi gh | evel even during the discharge of the electrolytic manganese di oxi de
in the secona postiddver ejeotrodeccar deggkjve éledtyradesandl ent alkalfneiently
use the capacities of the electrolytic nanganese di oxi de and the nickel
oxyhydr oxi de elslnitcblgte, ctint posictive ehecbrodergombgri®Ging ahposittest
i nvention not only allows the capacities
electrode material mixture comprising a nickel oxyhydroxide,
electrolytic manganese dioxide and a graphite conductive
material. The nickel oxyhydroxide has the following
properties. Specifically, in the present invention, when a
molded article comprising a mixture of the nickel oxyhydroxide
and the graphite conductive material is immersed in an agueous
solution containing 40 wt% KOH, and a constant current per
gram of the nickel oxyhydroxide of 5 mA is then applied to the
molded article, the potential of the molded article exhibits a
first plateau region ranging from +500 to +100 mV relative to
an Hg/HgO electrode and a second plateau region ranging from
+100 to -400 mV relative to the Hg/HgO electrode. The
discharge capacity in the first plateau region per gram of the
nickel oxyhydroxide is 220 to 250 mah. The discharge capacity
in the second plateau region per gram of the nickel

oxyhydroxide is 10 to 25 mah.

Effects of the Invention
[0016]

According to the present invention, because the



of the electrolytic nmanganese di oxi de and the nickel oxyhydroxide to be
sufficiently used, but also greatly increases the hi gh6SERGIEMBER2066ar ge
performance. [0018] According to the present invention, it is possible to
ensure sufficient discharge capacity in th® first plateau region and, at
the sane tinme, to ensure an inproved current collection fromthe
el ectrol yti c manganese di oxi de. Brief Description of Drawings [0019] FIG 1
is a front view, partially in cross section, of a nickel-manganese battery
according to an exanple of the resent invention. FIG 2 is a graph show ng
t he di schar genigikede 9xghydsosiie ENBER D coBplotely kiisohargedess bhet Birst Al
to d according to Exanple 1. FIG 3 is a graph show ng the potenti al
curves of tipElgteau iregicheand cuehast ampdpprepriatendevelCefaresidualy to
Exanple 1. Best Mdde for Carrying Qut the Invention [0020] An al kaline
battery of thmpacidgntini thensecond amgionsethe gbsgiinord celcentinotdyitynefjati ve
el ectrode and an alkaline electrolyte. The positive electrode conprises a
positive el ectHeoogdosintioei alettxdde anaterial sinigturre kid madxyhaydedaxatea
el ectrol yti c manganese di oxi de and a graphite conductive material. [0021]

high level even during the discharge of the electrolytic

manganese dioxide in the second plateau region. Accordingly,

it is possible to sufficiently use the capacities of the

electrolytic manganese dioxide and the nickel oxyhydroxide

which are contained in the battery.

[0017]

The present invention not only allows the capacities

of the electrolytic manganese dioxide and the nickel

oxyhydroxide to be sufficiently used, but also greatly

increases the high loaded discharge performance.

[0018]

According to the present invention, it is possible
to ensure sufficient discharge capacity in the first plateau

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

collection from the electrolytic manganese dioxide.

.Brief Description of Drawings
[0019]
FIG. 1 is a front view, partially in cross section,
of a nickel-manganese battery according to an example of the
present invention.

FIG. 2 is a graph showing the discharge curves of



When el ectrol yti c manganese di oxi de and ni ckel oxyhydroxi de are conpar ed,
el ectrolytic manganese dioxide is superior in terns of2SHPAEMBERDSI¢ UNI t
gram (mAh/g), ease of filling into a case and naterial cost. In terns of

di scharge voltage and high | oaded di scharyye performance, however, nickel
oxyhydroxi de is superior. [0022] Accordingly, considering the bal ance of
battery properties and cost, the positive electrode material m xture
preferably contains nickel oxyhydroxide and electrolytic manganese di oxi de
in anmounts of 10 to 80 wMt% and 20 to 90 w% respectively, relative to the
total anpunt ndickefemangrRrese PaIRTERBERL 2004”1 BRFCOr@EiRgr 5% Bample the

el ectrolytic manganese dioxide. In order to obtain a battery particularly
excel l ent in the bal anBEGof3 ish@ grapbrshewing theapotiantial cheves cifel
oxyhydroxi de and the electrolytic manganese di oxide are preferably 30 to 60
w % and 40 tthe’postitive esbacttiodelsy of[ 0281 dellac A2y donfiReacadrding o
positive electrode material m xture preferably has a higher volune energy

density. | nExaiplet @.ensure sufficient high | oaded di scharge perfornmance,
it is necessary to add a conductive material conprising graphite to the
positive electrode active material. A preferred anount of the graphite

conductive material is 3to 10 ww% nore preferably 5 to Bw% relative to
the total argugt Mellet BEr Nt&KSH X YaYdERY teverdti®rel ectrol yti c manganese

di oxi de and the graphite conductive material contained in the
[0020]

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

[0021]

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

[0022]

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

respectively, relative to the total amount of the nickel



positive electrode material m xture. Wien the anount of the graphite
conductive material is less than 3 W% the el ectronic gcogGMpi0f t he
whol e positive electrode nmaterial mxture mght be insufficient regardless
of the residual capacity of the nickel oxyhydroxide. Conversely, when the
amount exceeds 10 w% the rate of the active material relative to the
positive electrode material mxture wll be too small, which m ght make the
vol une energy density of the active material insufficient. [0024] Wen a
nol ded article conprising a m xture of the 26 SEPTEMBER 2006 11 ni ckel

oxyhydr oxi de @gghjdi®x8idpanlietReNeidtirta yratehaidandse IgToRAGR] i1h Frgegueous
solution containing 40 wt % KOH, and a constant current per gram of the

ni ckel oxyhydi@xisheaif > b@brely poriRNRI9dekBeiténtbidegdicabbighee bF€

potential of the nolded article exhibits a first plateau region (i.e. high

[0025] The' poranRalbesr FR S ded S oo toa, bt AmPeRthnrana lehe)

[ 0025] The potent’ € no article can Into two

[ : fi ' ' f_+ +100 ' t
I R el e e L L
nv rel ative && th [,HgO electﬁég%p,[0026] The di scharge capacity per gram

-

of the nickel d%?h d i’d&SFReY st plateau region is preferably
[0023]

An active material in the positive electrode
material mixture preferably has a higher volume energy density.
In order to ensure sufficient high loaded discharge
performance, it is necessary to add a conductive material
comprising graphite to the positive electrode active material.
A preferred amount of the graphite conductive material is 3 to
10 wt%, more preferably 5 to 8 wt%, relative to the total
amount of the nickel oxyhydroxide, the electrolytic manganese
dioxide and the graphite conductive material contained in the
positive electrode material mixture. When the amount of the
graphite conductive material is less than 3 wt%, the
electronic conductivity of the whole positive electrode
material mixture might be insufficient regardless of the
residual capacity of the nickel oxyhydroxide. Conversely,
when the amount exceeds 10 wt%, the rate of the active
material relative to the positive electrode material mixture
will be too small, which might make the volume energy density
of the active material insufficient.

[0024]

When a molded article comprising a mixture of the



controlled to 220 to 250 mAh/g. Likew se, the discharge capacity per gram
of the nickel oxyhydroxide in the second plateau regi &6 SEBRTEVMBERRads| y
controlled to 10 to 25 mAh/g. [0027] The discharge capacity in the first
plateau region is mainly attributed to aldischarge reaction in which nicke
havi ng a val ence of about 3.0 contained in the nickel oxyhydroxide is
reduced to a |lower oxidation state so as to nake the nickel oxyhydroxide
low in electronic conductivity. Assumng that all the nickel in the nickel
oxyhydroxide is 26 SEPTEMBER 2006 12 reduced from a val ence of about 3.0 to
2.1, the uppaiidkel oxghyditbeide sxitbrthe gapphity qumdugrtdveofatbeial ckel
oxyhydroxide obtained in the first plateau region is about 260 mAh/g.

[0028] If theinhididerdld anyayda@uesiss RRIutt9ef ebeedirainic 40Cc QEURDHYI &ivd and good
proton diffusibility, the discharge capacity per gram of the nicke

oxyhydr oxi de Ghi<igd cﬂréﬁ@d?éf 'grlanP b2t 8AE A L&D dﬁﬂ:?ﬁﬂ:%&‘iaédo@@ . In

this case, the nickel oxyhydroxide is discharged conpletely in the first

plateau regi ofy apg ¢ gi'.i.éédh@é LI fcARRE! hytisnd he\:h%e%%gt%ﬁt §2UtK&Yi on.

For this reason, 1nt second plateau region where the di scharge reaction

of el ectr ol YL qN9AReRTe gl les WPIEABSR! BEG oA TlitRl (ANLE foRHUCtIVILY

of the positive ectro erral mxture gni f'i cant educed,

enough_capaci {y GANI9" g: of) ek JBAY) pERAYSI $8lgkon™ g6l EoRVer 208
potential region).
[0025]

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

[0026]

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

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

Assuming that all the nickel in the nickel oxyhydroxide is



t he ni ckel oxyhydroxide is |ow or when the anmount of Mr incorporated in the
ni ckel oxyhydroxide therein is excessively large, the 2¢SUHTOMRERHpPACi ty
per gram of the nickel oxyhydroxide obtained in the first plateau region

m ght be Iess than 220 mAh. In this case,1% he discharge capacity of the

ni ckel oxyhydroxide will be insufficient, and therefore a high capacity
battery cannot be obtai ned. [0030] When a ni ckel oxide of high oxidation
state is 26 SEPTEMBER 2006 13 locally formed in the nickel oxyhydroxide, it
is presunmed that the nickel oxide of high oxidation state contributes to

the dischargeed@sed ifton B VAEeSEs WE ddoaiteauor €1 N1, [{He3 Uppbhe 1Amekebs
oxyhydroxi de containing a certain anount of the nickel oxide of high

oxi dat i on St apgs af; 145G RHPABONE pdlf QAR BEt BRe URLAIRAS Lylfhydb@xgHECT T ONI C

conductivity even in the second plateau region. Accordingly, the decrease

of ‘the el ect il indNdHhiVEl¥sOipidiR P TebiyR ot omandodPigh /gl mxture
i n the second plateau region I's prevented. a result, the curfent
coIIectabiIitr%6%Qﬂ1the el ectrolytic nanganese dioxide is enhanced,

allne

of fering an ark: battery having a higher capacity. [0032] Wien the

Second bl at cau 1 egi on SteoBs R AR oReLHe BAE L BT 1y i

the first plalgal ¢ R4S il 508§ SEsti Qe RubSBs1ifF! &0 dPathdrglhien the
capacity per gram of the nickel oxyhydroxide obtained in the
first plateau region might exceed 250 mAh. In this case, the
nickel oxyhydroxide is discharged completely in the first
plateau region, and rarely has the capacity in the second
plateau region. For this reason, in the second plateau region
where the discharge reaction of electrolytic manganese dioxide
takes place, the electronic conductivity of the positive
electrode material mixture will be significantly reduced,
enough capacity cannot be obtained.
[0029]

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

[0030]

When a nickel oxide of high oxidation state is



di scharge capacity per gram of the nickel oxyhydroxide obtained in the
second plateau region is less than 10 mAh, on the ot heréSEPTEMBER 2008€ t he
anount of the nickel oxide that contributes to the discharge reaction in

the second plateau region will be small, i1the effect of enhancing the
current collectability fromthe electrolytic manganese oxide wll be
smal | . [0033] 26 SEPTEMBER 2006 14 The ni ckel oxyhydroxi de having the

preferable electrical characteristics as described above can be relatively
easily prepared by incorporating a small amount of manganese into a nickel

oxyhydr oxi de. 16B811{ i@ inORhel ni BRED BIEHTIrdx2ds] ckel 1§ prusind d8agl SO
greatly enhances the high |oaded discharge perfornmance of the battery

obtained. PaihbChiEkdl 0x8 da %%ehigKYMﬂiMdi'ﬁ sEARB' £&h P Butdsy iR lthehavi ng
a P type structure has the preferable electrical characteristics as

descri bed aboyescRRAérd i%arr&nt'ﬁ@,?ééond pa1aresh! ﬁg%{)ﬂ. terms of small

vol ume change during di scharge. [0034] Even~when a ot her than
manganese i s PB§9 porated in nickel oxyhydroxide, it is possible to form
ni ckel oxide 5 |5h oxi dation state that contributes to the discharge

T e S SRS B AT S5nPhinldf Il beastl IRb"
cnhanct 19, ¢ Bl e 3T SUBEDSRORLBEILALINIGE. 8Ll 0°ELELLGH above
prevents the decrease of the electronic conductivity even in
the second plateau region. Accordingly, the decrease of the
electronic conductivity of the positive electrode material
mixture in the second plateau region is prevented. As a
result, the current collectability from the electrolytic
manganese dioxide is enhanced, offering an alkaline battery
having a higher capacity.
[0032]

When the discharge capacity per gram of the nickel
oxyhydroxide obtained in the second plateau region exceeds 25
mAh, however, the discharge capacity in the first plateau
region will be reduced to less than 220 mAh/g. When the
discharge capacity per gram of the nickel oxyhydroxide
obtained in the second plateau region is less than 10 mAh, on
the other hand, because the amount of the nickel oxide that
contributes to the discharge reaction in the second plateau
region will be small, the effect of enhancing the current
collectability from the electrolytic manganese oxide will be
small.

[0033]



oxyhydroxi de. [0035] In a preferred enbodi nent of the present invention,

t he ni ckel oxyhydroxi de conprises a crystal havi ng mangadn8ERTEMIBER ziloy ed
therein and having a P type structure. In a particle of such nickel
oxyhydroxi de. ni ckel oxide of high oxidatildn state that contributes to the
di scharge reaction in the second 26 SEPTEMBER 2006 15 pl ateau regi on of | ow
potential is locally fornmed. In other words, a part of the nickel
oxyhydroxi de conprising a crystal having manganese di ssol ved therein and
having a P type structure contributes to the discharge reaction in the
second pl ateau regi onToe hbdokebterthysdlroxAde chalving ythee\peefemabidg t he

di scharge of the electrolytic manganese di oxide in the second plateau

regi on, the edbedtmival chaduacterisyicd dshdeposibedeabmteciarnda nateri al

m xture is maintained at a high level, and therefore the capacity of the

el ectrol yti c rengaiieslsy dasilgepreparde wufihtcorpotaying el snidineawetntt 6
I ncorporation of nanganese 1 n the nickel oxyhydroxide also greatly enhances

the high | oaggshatiesehande BeniexeRrnG§arbkedat trpley i6BbahoLatiod AB6] The
ni ckel oxyhydroxi de conmprising a crystal having nanganese dissolved therein

and having a Rafydifesd HWCHUREckE]l PEARAIR%iAY alss SXHMIFL eridnded BReNi Ckel
hydr oxi de i1 ncor porati ng nanganese therein with an oxidi zi'lng agent. The

{"085% hydr oxj, figh PrS i dli ¥ chAPPE | S&Sefrmatka! S£NeNé Waft by WitaifikbRUCt Ure.
Particularly, a nickel oxyhydroxide comprising a crystal
having a f type structure has the preferable electrical
characteristics as described above, and at the same time, it
is excellent in terms of small volume change during discharge.
[0034]

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

[0035]

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

state that contributes to the discharge reaction in the second



In anot her preferred enbodi nent of the present invention, the nickel
oxyhydroxi de conprises a crystal having a metal other t@3RpfENf S5ie

di ssolved therein. Even in a particle of such nickel oxyhydroxide, nickel
oxi de of high oxidation state that contrilgutes to the discharge reaction in
the second plateau region of |ow potential is locally fornmed. 26 SEPTEMBER
2006 16 The ni ckel oxyhydroxi de having a netal el enent other than

manganese di ssolved therein also preferably conprises crystals having a
type structure. (0038] The nickel oxyhydroxide having a netal elenent other

t han nmanganesg) gt &697RA ohh el dw i sotitimRanedsbYocd Py ctiRl®e, 19Xdted NY
ni ckel hydroxide incorporating a netal other than nanganese therein with an

oxi di zi ng agepbrad N 4 HattCadzetRb SPickdll ok%h?&?&ﬁid@dcén%ﬁ%%n@i ek ghyBygy oxi de
conprising a crystal "having a P type strucfure as a raw matérial. [ 0039]

o e Bl T YerhRelE kBRIl L G g W Bl e,
e DL RSO TS Ao g & el Bl LSl N5 U Shorma
[0041) The COBESBLRIA o 081 63" S deiR 69" ANEAiBG DS B Ehriig il 0o
discharge of the electrolytic manganese dioxide in the second
plateau region, the electronic conductivity of the positive
electrode material mixture is maintained at a high level, and
therefore the capacity of the electrolytic manganese dioxide
can be sufficiently used. Moreover, the incorporation of
manganese in the nickel oxyhydroxide also greatly enhances the
high loaded discharge performance of the battery obtained.
[0036]

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

[0037]

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

oxidation state that contributes to the discharge reaction in

the second plateau region of low potential is locally formed.



[0042] The vol une based average particle size (D50) of the nickel hydroxide
is preferably 10 to 20 pun. [0043] The ni ckel hydroxi de 26 SERFEYMBER 2006 Or
exanple, in a 26 SEPTEMBER 2006 17 reaction vessel equipped with stirring
bl ades. To the reaction vessel is added, 6or exanple, pure water as the
reacti on phase where the nickel hydroxide grows. Preferably, a small anount
of reducing agent is added to the reaction phase. Mre preferably, bubbling
with nitrogen gas is perforned. [0044] Preferred starting naterials for the
ni ckel hydroxi de include nmanganese sul fate, or any sulfate of a netal

ot her than neTganeickelansyhiydketidalHastiag ht mésal celementndehsirotNah hat

nickel nitrate or the like can be used instead of nickel sulfate and that

nmanganese ni th@tgardsd @8 skbkeed Ahediinuaedol prébarchly Sonpaneee stysedbs
Al so, instead of a sulfate of a netal other than nanganese, any nitrate or

the like of @.HE 'a‘H3Q?? t DaR, inese can be used. [0045] The
preparati on procedure of ﬁe ni ckel oxyhydroxi de conprising a crystal

havi ng nmangangsegs i ssolved therein and having a P type structure will be
descri bed below. It should be noted that the nethod described bel ow can be

applied to the preparghLop; gf f% 6188 Y; \g{rﬁ;iadﬁe‘i:ﬁpéimaoﬁ{é?tal
havi ng a netal el enent other t%an ganese di ssolved therern
than manganese dissolved therein is prepared by, for example,
oxidizing nickel hydroxide incorporating a metal other than
manganese therein with an oxidizing agent. In this case also,
it is preferred to use nickel hydroxide comprising a crystal
having a B type structure as a raw material.
[0039]

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

[0040]

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

[0041]

The concentration of sulfate ion contained in the
nickel hydroxide is preferably 0.2 to 0.5 wt%.
[0042] |

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

The nickel hydroxide is prepared, for example, in a



by replaci ng an aqueous sol ution of manganese sulfate (I1) wth an aqueous
solution of other netal salt. [0046] The preparati on pracgey ni ckel
hydr oxi de 26 SEPTEMBER 2006 18 includes a step of feeding, ngﬁé%gﬂgle, an
aqueous solution of nickel sulfate (11), 13n agqueous sol uti on of manganese
sulfate (11), an aqueous solution of sodium hydroxi de and aqueous ammoni a
into a reaction vessel, followed by stirring while maintaining the pH of
the reaction phase at a certain level. This step allows the nuclei of the
ni ckel hydroxide to be precipitated in the reaction phase and then to grow.

Subsequent | y, rd 1 25 WelkkBY @qiipgdd withesPeAE Bty iv1LRel hefo @mieous
sol ution of s%d%kﬁ:n% hydr oxi de&?% 1?;S(;ém)ve sulsf at eﬁ?%n, whi ch oare t hen washed

with water, fPéA%*eqéfg%i fg_é@@lv%oﬁgéﬁg%lgycg&g tek0947{nd he

preparation proc e ni ckel ‘oxy roxi de "1 ncludes a step of

|t roductng, SSlcEA T Gse! DhehL Rl iBEE e B0 STl on of

fhe i ckel “nyr e FEREToF AP RO aeohrcRE SR Ie SeageacTbtRe] The

oxyhydr oxi do PP De BTG QRERTablg, LPROTLUN SOMPUALESPOth 91 12 an aqueous

sol ution of 5§¥§§¥%ég? per oxydi sul fate or a hydrogen peroxide sol ution.
[0044]

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

[0045]

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

[0046]

The preparation procedure of the nickel hydroxide



[ 0049] The particle shape of the nickel oxyhydroxide varies depending on
the ni ckel hydroxide. Preferably, the particles 26 SEPTENGSEPREMEER 2000 of the
ni ckel oxyhydroxi de are spherical or oval shaped. The tap density of the

ni ckel oxyhydroxide is preferably 2.1 to 184 g/cnB. [0050] The BET specific
surface area of the nickel oxyhydroxide is preferably 10 to 20 n2/g. [0051]
The concentration of the sulfate ion contained in the nickel oxyhydroxide
is preferably 0.1 to 0.3 wt% [0052] The vol une based average particle size
(D50) of the nickel oxyhydroxide is preferably 10 to 20 pm [0053] The
amount of theimehgiasese stept af nekeding h€om ekethplex\dry caqueioths selptidmr abl y
0.5to 10 nolt, nore preferably 2 to 7 nolt, relative to the total anount

of the nickel ofinglickEingangacecent pj naf dgnebhe soTkeiomof ydhagsndse Wien t he
manganese amount is less than 0.5 nolt, the discharge capacity in the

second pl at eagui@pieo N ), | ahCad@@osdTld1utERAY 6 S€bFium MiRT-dxigenBAganese
anount exceeds 10 nolt, the discharge capacity in the second pl ateau region

will be too | are€ous HiloRdal DRSS GRHA8 onaRaEELY, | Folludd byt skhateay
region insufficient. [0054]
while maintaining the pH of the reaction phase at a certain
level. This step allows the nuclei of the nickel hydroxide to
be precipitated in the reaction phase and then to grow.
Subsequently, the resulting particles are heated in another
aqueous solution of sodium hydroxide to remove sulfate ion,
which are then washed with water, followed by drying to give
nickel hydroxide.
[0047]

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

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

The particle shape of the nickel oxyhydroxide varies

depending on the nickel hydroxide. Preferably, the particles



In the case of using a nmetal other than manganese (hereinafter referred to
as "nmetal M), the anount of the 26 SEPTEMBER 2006 20 AESEHTEMRER086 ned in
t he ni ckel oxyhydroxide is preferably 0.5 to 10 nolt, nore preferably 2 to
5 molt, relative to the total amount of tf?e nickel and the netal M
contained in the nickel oxyhydroxide. When the anbunt of the nmetal Mis
less than 0.5 nolt, the discharge capacity in the second pl ateau region
will be too small. Conversely, when the anount of the netal M exceeds 10
mol t, the discharge capacity in_the second plateau region will be too

| arge, naki nef Hhalindehedgexphpdeexide arenspherical pnav@al sbgped. The
insufficient. [0055] Preferably, the positive electrode material m xture
contains at |taptdensdityart thethickselaloxyhiydeoxédecisdrafgnably 2giotip

consi sting of Y203, Er203, TnR03, Yb203 and Lu203. These rare earth netal
oxi des di ssol¥etigyam’very small amount in an alkaline electrolyte to forma
hydr oxi de and then deposit. As a result, a coating filmconprising a rare
earth netal efeol} is forned on the surface of the particles of the nickel
oxyhydroxide. This coating filmserves to increase the oxygen producing

over-potential of the phei BEYespeeriicodtrfhb85ated et itk &lickeyhydr oxi de
conprising a crystal having nmanganese dissolved therein and having a P type

structure hasoxiPiﬁﬁﬂkﬂagu&giBf&g@iiﬁlﬁﬂﬂd &b. 26sm5M8LNh, the open circuit
atter

vol tage of the y is mantained at a relatively high I|evel and the
sel f-di scharggogsip tends to be large. Thus,

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

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

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

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

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



the addition of a small amount of rare earth netal oxide to 26 SEPTEMBER
2006 21 the positive electrode material m xture | eads 2OSEPTEMEBER 2006

i mprovenent of storage characteristics of the battery. [0057] The anmpount of
the rare earth metal oxide is preferably 4°1 to 2 w% nore preferably 0.5
to 1.5 % relative to the total anmpbunt of the nickel oxyhydroxide, the

el ectrol yti c manganese di oxi de, the graphite conductive material and the
rare earth netal oxide. [0058] The present invention will be specifically
described belowwith reference to the acconpanying draw ngs, but it should
be under st oodmehal Migonhaddedt ihnthetnigkels oxyhyiraxide is pneferabdiypPe’d
below. Exanple 1 [0059] (Preparation of N ckel Hydroxide) Constant anbunts
of an aqueousteolQtmal® ofmoxiec prefesathIntZ Yo 15) modk, apebatikves diaittihen toftal
manganese sulfate (11), an aqueous solution of sodi um hydroxi de and aqueous
amoni a havi agourt taf theomdekelaandnthevmetalled, chptaipedpin tthea nickadt i on
vessel equipped wth stirring blades having been filled with pure water and

a smal | anounbxphydiysik iy newheridie aimbenteatt the metsdieM Was 1bebbtidn vo I
nitrogen gas. During the feeding thereof, the reaction vessel was

continuously @mbi§! eghe iidtHagePbapaétwiitedthal sac6ndsSpBateditiRigidny ea1after
the 26 SEPTEMBER 2006
be too small. Conversely, when the amount of the metal M
exceeds 10 mol%, the discharge capacity in the second plateau
region will be too large, making the discharge capacity in the
first plateau region insufficient.
[0055]

Preferably., the positive electrode material mixture
contains at least one rare earth metal oxide selected from the
group consisting of Y,03;, Er;03;, TmyO;, Yb:0; and LuzO;. These
rare earth metal oxides dissolve in a very small amount in an
alkaline electrolyte to form a hydroxide ahd then deposit. As
a result, a coating film comprising a rare earth metal element
is formed on the surface of the particles of the nickel
oxyhydroxide. This coating film serves to increase the oxygen
producing over-potential of the positive electrode.

[0056]

The nickel oxyhydroxide comprising a crystal having
manganese dissolved therein and having a B type‘structure has
a high equilibrium potential. As such, the open circuit
voltage of the battery is maintained at a relatively high

level and the self-discharge rate tends to be large. Thus,

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



22 feeding, the stirring was continued to allow the nuclei of the nickel
hydroxi de to be precipitated. Then, the nuclei were gr oMSEPTEMBERERMéL I NQ
particles were heated in another aqueous solution of sodium hydroxide to
remove sul fate ions, which were then wastdd with water, followed by vacuum
drying to give nickel hydroxide "a" having a conposition of

Ni 0. 95Mno. os(OH) 2. [ 0060] Subsequently, nickel hydroxide "b' having a
conposition of N 0.9sZno.os(OH) 2 was prepared in the same nanner as above,
except that an aqueous solution of zinc sulfate (Il) was used in stead of
an aqueous sothéipssifivenegapeseds uhdtardal( mixtuf®Obdddas\itekal gigdtoxi de "co
containing only nickel for a netal was further prepared in the sanme manner
as above, excegprovdintaRfagt6page SeHdfidcterabtitsoanete vatfay.(11) and an
aqueous solution of zinc sulfate (I1) were not used. [0062] Powdered X-ray
diffraction cpppsyyed that all the prepared nickel hydroxides "a" to 'c’
conprised crystals having a 5 type structure. The nickel hydroxides "a"

"c" also had the foll Q'HlengmBHﬁ{@&@'tHU RSkt bESth ameid UGk ikRSqd average
particle S|ze of about 20 pun; a tap density (after the tapping of 300

times) of ﬁ%ﬁ%{%&%{s%"%ténﬁ PR PrbeE rali$ 26S A°a & waout 10

n2/g. 26 SEPT
relative to the total amount of the nickel oxyhydroxide, the

to

electrolytic manganese dioxide, the graphite conductive
material and the rare earth metal oxide.
[0058]

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

to the examples below.

Example 1
[0059]
(Preparation of Nickel Hydroxide)

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

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



[0063] (Preparation of N ckel Oxyhydroxide) The nickel hydroxide '"a' in an
anount of 200 g was introduced into 1 L of an aqueous 26BERTEMBER 2medi um
hydroxide wth a concentration of 0.1 nol/L, after which a sufficient
anount of an aqueous sol ution of sodium hyddchlorite having an effective
chl orine concentration of 10 wt % and serving as an oxidi zi ng agent was
added thereto, followed by stirring to convert the nickel hydroxide 'a
i nto ni ckel oxyhydroxi de. The obtained particles were thoroughly washed with
water, which were then vacuumdried at 60"C for 24 hours to give nickel
oxyhydr oxi de Aeefdngd|tiehstirzing wgsirenntiomedphtoaatilow the macdiedoofuthe

t hrough the sane procedure as above to produce nickel oxyhydroxides B and
C. [0065] PowndrkelXhydmoxiidef tacbeoprewititated.t Taienal Ehehsucpeibpeexa ni ckel
oxyhydroxides Ato C conprised crystals having a P type structure. The

ni ckel oxyhydgaewdes Thet peSuktiny lpadtichesfweteohaatedhyiai anbtheppaqiedms a
vol unme based average particle size of about 20 tun; a tap density (after
the tappi ng oko3Q0idtnh Nes)sodfiumahig@toRide HeC H@movadsal fitle sipany ,f mbiehr f ace
area of about 12 n2/g. (0066] 26 SEPTEMBER 2006 24 (Production of Positive

El ectrode Mt geiral thbrtwtshedelwlieh) water, followed by vacuum drying to give

nickel hydroxide "a” having a composition of Nij osMng. os{OH),.
[0060]

Subsequently, nickel hydroxide "b” having a
composition of Niy ssZ2ng.0s(OH), was prepared in the same manner
as above, except that an agqueous solution of zinc sulfate (II)
was used in stead of an agueous solution of manganese sulfate
(11).

[0061]

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

[0062]

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

a volume based average particle size of about 20 pm;

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

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



A positive electrode material m xture powder was prepared by m xing

el ectrol yti c manganese di oxi de, the nickel oxyhydroxi de6SERTEMBERPlGte i n a
wei ght ratio of 50:45:5. To 100 parts by wei ght of the obtained positive
material m xture powder was add&l 1 part by weight of an

al kaline electrolyte, which was then stirred and m xed by a m xer until
uniform The resultant was granulated to have a uniformparticle size. The
al kaline electrolyte used here was an aqueous solution of 40 w % potassi um

el ectrode

hydr oxi de.

The

obtai ned particles were press-nolded into a hollow cylinder

to give a po$o06¥e el ectrode material mxture pellet A (0067] The nickel
oxyhydroxi des B and C were also put through the sanme procedure as above to
produce posit (peeptLLiodE NAEREL abxyhydroxdde¢l | ets B and C. [ 0068]
(Production of N ckel-Manganese Battery) AA-sized nickel -nmanganese batteries

A, Bl and d were pr%&eﬁd@unﬁ%&f&:ﬂ@%'oﬁawe&n&m tdtv @00 Clhsgde

mat eri al

m xture pellets A B and

respectively. FIG 1 is a front view,

partially in S | f y.aqfi 0aB tder
(0069] A can ggg]zé?rade oﬁ‘%sot ge gﬁeglltfe%ndé%@atg eﬁﬁs\nl?ﬁ iﬁlécblggllﬂjv\gh?%gggags a

t I I t
Elsct rode t or od 2 TRl IBbA%A 601 a7t LMW sufpsBaRge Ve
graphite Coatéﬂguﬂflégzén‘%qBEUﬁ§|§$Yuf§on of sodium hypochlorite having an

effective chlorine concentration of 10 wt% and serving as an

oxidizing agent was added thereto, followed by stirring to

convert the nickel hydroxide “a" into nickel oxyhydroxide.

The obtained particles were thoroughly washed with water,

which were then vacuum dried at 60°C for 24 hours to give

nickel oxyhydroxide A.

[0064]

The nickel hydroxides "b” and “c¢” were also put

through the same procedure as above to produce nickel

oxyhydroxides B and C.

[0065]

Powdered X-ray diffraction confirmed that all the

prepared nickel oxyhydroxides A to C comprised crystals having

a B type structure. The nickel oxyhydroxides A to C also had

the following physical properties:

a volume based average particle size of about 20 um;

a tap density (after the tapping of 300 times) of

about 2.3 g/cm’; and

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

[0066]



short cylindrical positive electrode material mxture pellets 3 were
inserted into the positive electrode case 1. The positiy #¥E ﬁ
material mxture pellets 3 were pressed again in the positive e R&% ode
case 1 so that they were attached to the 24nner surface of the positive

el ectrode case 1. Into the hollow of the positive el ectrode materi al

m xture pellets 3 was inserted a separator 4 such that the separator 4 was
in contact with the inner surface of the hollow Inside the hollow an
insulating cap 5 was placed at the bottom of the can case. [0070]

Subsequent | y, ( Brodidtdlonnefepesit Dvey/ IRl axsolln) Matexlial Mixtilie pesletye
el ectrode case 1 to wet the positive electrode material m xture pellets 3

and the separator 4. Af pgkitiee i dic@irodr AhtéheaEeGitidley pRwddrifasnegative
el ectrode 6 was fllled |nS|de the separator 4. The gel negative electrode 6

was nade of Lﬁ&eefé‘éﬁi‘dlgftiésm&ngﬂééé‘%%gﬁ@e Medhkakéne

electrolyte a a Z|nc po serving-as a negative el ectrode active

pot ass um Tﬂiﬁwﬂﬁf&o%%@éﬁﬁ 13 A S & 1 s
pr epar ed. Theﬁ(:;\(;;\;l)alr]i n‘%g_rl g pﬁgp{ es%% glﬁgﬁeéogytll dr| e%t % SEPTEVMBER

2006 26 cent eral” par perip er PC%had a
groove on thetp?ed e there 8§8| g?%ge%g*ooveagﬁgt dal(_){] é;leﬂeeidg%e: o%f a}lhe seal i ng

menber 7 was
alkaline electrolyte, which was then stirred and mixed by a
mixer until uniform. The resultant was granulated to have a
uniform particle size. The alkaline electrolyte used hefe was
an agqueous solution of 40 wt% potassium hydroxide. The
obtained particles were press-molded into a hollow cylinder to
give a positive electrode material mixture pellet A.
[0067]

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

[0068])
(Production of Nickel-Manganese Battery)

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

[0069]

A can case made of steel sheet and plated with

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



B serving as a negative electrode termnal. Between the sealing nenber 7
and the bottomplate B was placed an insul ated washer 26SERTEMEERIDO OW Of
the center part of the sealing nenber 7 was inserted a nail-shaped negative
el ectrode current collector 10. [0072] TR&® negative el ectrode current
collector 10 integrated with the sealing nmenber 7, the bottomplate 8 and
the i nsul ated washer 9 as descri bed above was inserted into the gel
negative el ectrode 6. The edge of the opening of the positive el ectrode
case 1 was crinped onto the periphery of the bottomplate 8 with the edge
of the seali g positeve’eléberairtteraminalberlalsydet bhe opesi thireofe lidotrpdei ti ve
el ectrode case 1 was sealed. Finally, the outer surface of the positive

el ectrode casfask 1A%ag0¥61Héd Vi igtaphicet ebataltplfillin 20 O\l wirality of
ni ckel - mnganese battery. [0073] (Production of Mddel Cell) In order to

obtain the elafrd ¢ghiahPiaL] GPditie Blectibde MatediadXmhxdnpdi g€11d¢s

conparison, nodel célls having the sane structure as the above

ni ckel - mnganesRRAGHEeresy WS n@{eog deedivd o1 diieRle @AaKBY 4! O4irgde A and
graphite were mxed in 26 SEPTEMBER 2006 27 a weight ratio of 92:8 to give

oo o ¢ UK V1RO el 300 BN L' BB 1
electrolyte, ,yfi,C 'ln""@ﬁet 5501 £1dd e cinlal’ EEEk Y R Prsk" tHRE! heddi T OT m
attached to the inner surface of the positive electrode case 1.
Into the hollow of the positive electrode material mixture
pellets 3 was inserted a separator 4 such that the separator 4
was in contact with the inner surface of the hollow. Inside
the hollow, an insulating cap 5 was placed at the bottom of
the can case.
[0070]

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

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

prepared. The sealing member 7 comprised a short cylindrical



The resultant was granul ated to have a uniformparticle size. The alkaline

el ectrolyte used here was an aqueous sol ution of 40 9 '
hydr oxi de. The obtai ned particles were press-nolded Y\%{%M@gﬁ%@%yl i nder

to give a nodel material mxture pellet A (0074] A nodel cell A2 having
the same structure as the AA- sized al kaline battery shown in FIG 1 was
constructed in the sane nmanner as previously described except that the
nodel material mxture pellet A was used. The anobunt of nickel
oxyhydroxi de (Ni OCH) contained in the nodel cell was 9.0 g. A sufficient

anount of gel nggati el ectrode. was f.illed i h del_cell. [0Q75] The
ni clliel oxygyﬁ?]ag eéa\./r% aRq & Rﬁﬁép\,@‘hcﬁaj{ KPS g'h@h%hﬁezé%e a}'lo@@&-&r ba sa!above
t d del terial mxt | lets,.B and C d final ly t d
model cel | s BEORY ¥%.the 6898) EREEREH- | 1B N9 Fronyl E6rmRg Shctht SiSSer o
wel ded to the positive and negative electrﬁde terg%nals of each npdel

cel | . Each nBlethe 92lHRG MEMRET o ¥t fd tsAnthe ot 9n L it htosr Plate

positive el ectrode case thereof was imersed in a 26 SEPTEMBER 2006 28

beaker fille8 Gf¥WLRH afuRRRIAHVE: réRCEFOI® tATRiTGIas Betiesny dhexi de. In

t he beaker, an Hg/ HJO el ectrode was also immersed as a reference el ectrode.

Ther eby, a prephing imewbess 7 Addethe batiom plake Povastplacedfn he positive

and negative electrodes of the nodel cell relative to those of the Hg/ HgO
insulated washer 9. In the hollow of the center part of the

sealing member 7 was inserted a nail-shaped negative electrode
current collector 10.
[0072]

The negative electrode current collector 10
integrated with the sealing member 7, the bottom plate 8 and
the insulated washer 9 as described above was inserted into
the gel negative electrode 6. The edge of the opening of the
positive electrode case 1 was crimped onto the periphery of
the bottom plate 8 with the edge of the sealing member 7
therebetween. Thereby, the opening of the positive electrode
case 1 was sealed. Finally, the outer surface of the positive
electrode case 1 was covered with an outer label 11 to give a
nickel-manganese battery.

[00731
(Production of Model Cell)

In order to obtain the electrical characteristics of

only nickel oxyhydroxide for comparison, model cells having
- the same structure as the above nickel-manganese batteries
were produced.

The nickel oxyhydroxide A and graphite were mixed in



el ectrode. Al the nodel cells were restricted by the positive el ectrode
capacity. The neasuring device containing the nodel ceRéSERTEMBER 00ed above
all ows the observation of the discharge characteristics of the positive

el ectrode conprising nickel oxyhydroxide 24 one (i.e. positive el ectrode

not containing the electrolytic manganese dioxide). [0077] (Evaluation of

Ni ckel - Manganese Battery) <Low Loaded Di scharge Performance> Each of the
initial state nickel -manganese batteries Al to C was continuously

di scharged at a constant current of 45 mA (low |oad) at 20C, during which

t he di schar geacwghght ratizs afed2uBetougive 4 modedt mategrial t mipetumss ghosdied .9

V. The discharge curves obtained fromthis are shown in FIG 2. [0078]
<Hi gh Loaded @bsrdrlarmﬂ%erbfyomgnemfm ebtalined mbdel mEtdirdal mixture
ni ckel - manganese batteries to G was continuously discharged at a

constant powepowded wal aiaa%@cl E&ft Mgy Weightt BE &h s&lid Dihd idTRct@d 15easur ed
until the battery voltage reached an end-of -di scharge voltage of 0.9 V. 26

SEPTENBER 200319 J9theh $a¥ehhand ol 89 safiaeit vuiat hevslro. | oaded

di scharge and the dlscharge time at the high aded discharge for the

initial statepgkc %eﬁ’Péﬁﬁfé &5 4 hat® £ unTF6dm ?%ﬂg“i%nshge
relative terns wt t ose O ni Cc manganese atter el ng set at
100. [0079]

The alkaline electrolyte used here was an agueous solution of
40 wt% potassium hydroxide. The obtained particles were
press-molded into a hollow cylinder to give a model material
mixture pellet A.

[0074]

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

[0075]

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

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

of the positive electrode case thereof was immersed in a



Tabl e 1 Nickel Oxyhydroxi de Di scharge capacity D scharge tine Battery
(netal elenent: anmount) at 45 mA <to 0.9 V> at 1 W<to Q6§EmMﬁih5@§ative
terms in relative terns N ckel Oxyhydroxide A Al (M 5 nolt) 108 0

Ni ckel Oxyhydroxide B Si (Zn: 5 nolt) 101 J90 C N ckel Oxyhydroxide C 100
100 (None) (Reference value) (Reference value) [0080] Table 1 denonstrates
t hat the nickel -manganese battery Al using nickel oxyhydroxide that has a P
type crystal structure and incorporates nanganese therein (i.e. nickel
oxyhydroxi de A) has excellent characteristics in ternms of both |ow |oaded

di scharge andp Bl | etk GiR6N3AEed A8 Ho1lb bl ofl F6 NAERAMIEOT FI G

2, the voltage range aroun g ere the arge reaction

of nickel ox ?éﬂjt;’gﬂéje iﬁl’é/ ﬂa?&?rﬁdﬁn ?éj@f%dgﬁl\é@}??gg &ggggl%ound 1.2 V

is a range whe e d@sc arge reacfion o _ ~ nmanganese di oxi de
O e i Fa P UL LEL G Lol HRASIDY Obf DELENEERNED e
O ol £ 305 ShdE LSRALMICTE N5 BRI 45 LERCLIONPle SlPSILAS
electrodes of the model cell relative to those of the Hg/HgO
electrode. All the model cells were restricted by the
positive electrode capacity. Tﬂe measuring device containing
the model cell as described above allows the observation of
the discharge characteristics of the positive electrode
comprising nickel oxyhydroxide alone (i.e. positive electrode
not containing the electrolytic manganese dioxide).
[0077]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)
Each of the initial state nickel-manganese batteries
21 to Cl was continuously discharged at a constant current of
45 mA (low load) at 20°C, during which the discharge capacity
was measured until the battery voltage reached 0.9 V. The
discharge curves obtained from this are shown in FIG. 2.
[0078]
<High Loaded Discharge Performance)
Each of the initial state nickel-manganese batteries
Al to Cl1 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until
the battery voltage reached an end-of-discharge voltage of 0.9

V.



where the di scharge reaction of nickel oxyhydroxide mainly proceeds. [0082]
(Eval uation of Model Cell) In order to further cont errplﬁtsgptrﬁﬁBgﬁ%%at I on
results of the nickel-nmanganese batteries, each of the above- obtalned nodel
cells A2 to C2 was continuously dischargedgat a constant current of 45 mA
(i.e. 5 mA per gram of the nickel oxyhydroxide) at 20C. FIG 3 shows the
potential curves showi ng the correlation between the positive el ectrode
potential relative to that of the Hg/ HgO el ectrode and the discharge
capacity per gram of the nickel oxyhydroxide. (0083] It is observed, in FIG

3, that the potential eypye 1 dhdie tRBUIGEsERAtgd \capadity! Be PheKEby _
oxyhydroxide A and that of the nodel cell B2 using the nickel oxyhydroxide

et on betweat ey BRgRge Al 1R dipEngRle [ CHY b AN RERK E0a  ccond
Potho same, FOURA Pohesorhe S ptise ELIBA aheh:Big palielioaiafl ' Ve
2006 31 moddio dek SRV | SRR tn TR AAPEE RBRCHRSSR % A5 second
plat eau r el ofy gl L2 Rdel CElL e B2 ch LaLGg o0 Yy, O the model cel

[0079]
Table 1
. Discharge capacity Discharge time
Battery (mﬂiﬁfei12:§§¥?r2333§t> at 45 mA <to 0.9 V> |at 1 W <to 0.9 V>
‘ in relative terms in relative terms
Nickel Oxyhydroxide A
Al (Mn: 5 molt) 108 110
Nickel Oxyhydroxide B
Bl (Zn: 5 mol%) 101 100
c1 Nickel Oxyhydroxide C 100 100
{None) {(Reference value) (Reference value)
[0080]

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

[0081]

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

As evident from FIG. 2, the capacity differences



As for the potential curve of the nodel cell C2 wusing the nickel
oxyhydroxi de C, the discharge capacity in the first plasseerEMBEREnkher eof
is the | argest anong the three, but the potential curve of the nodel cel
C2 does not have the second plateau regi @@ [0086] Taking the above

eval uation results of the positive electrodes conprising only nickel
oxyhydroxide into consideration, the behavior shown in FIG 2 during the

| ow | oaded discharge for the nickel-nanganese batteries Al to C can be
expl ained as follows. [0087] As can be seen fromFI G 3, the nickel
oxyhydr oxi de amoh§ tsbatitelriedi AT s qd aire mbedt sbagwvif soEnt Ao kel Lowt

pl at eau region. As such, the electronic conductivity of the nickel

oxyhydr oxi de {o3t8ge! 34 dle He@abaSwherd Nhes @aeBHar 681 P¥actforbeifween +100 and
-400 nV relative to the Hg/ HgO el ectrode. Likew se, in the nickel-nmanganese

battery O, t8getECIFAN hmangAhdyedidtiaed maiiey \IEbEedfis | dHate tﬁkeeﬁb?ﬁgﬁ
material m xture decreases in the second plateau region. As a resulf, a

sufficient a bt Vel [ b LJ he
cl'cctrol yti o Mags the B EARTGE, Featcil o ke e e BB 06 32
t he second pIﬁEgggeéﬁgion. [ 0088] The di scharge capacity in the first

0

pl at eau regi o e ni ckel oxyhydroxide B is very small as can be seen
from FIG 3'[@68§f0h’ i n the nickel -manganese battery Bl, the

(Evaluation of Model Cell)

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

[0083]

It is observed, in FIG. 3, that the potential curve
of the model cell A2 using the nickel oxyhydroxide A and that
of the model cell B2 using the nickel oxyhydroxide B have two
plateau regions. A first plateau region is observed in the
region between +500 and +100 mV relative to the Hg/HgO
electrode. A second plateau region is observed in the region
between +100 and -400 nV relative to the same.
foos4]

However, the discharge capacity in the first plateau

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



di scharge capacity in the first plateau region is insufficient. Therefore,
a high capacity battery cannot be obtained. [0089] The géﬁgharge capacity in
the first plateau region of the nickel oxyhydroxide A, k 6 hand,
is relatively large. Also, the nickel oxyhydroxide A has an appropriate

| evel of residual capacity in the second|ﬂ%ueau region. As such, in the

ni ckel - mnganese battery A, the discharge capacity in the first plateau
regi on does not becone insufficient. At the sanme tinme, the positive
electrode material m xture can retain high electronic conductivity even in

the second plateau region. Therefore, a sufficient amount of the capacity
can be obt ai neodel orekhd2e| cbn rasintrast . niheg ahiemhagioex caparhty hin sheond

pl ateau region. [0090] Fromthe reasons stated above, it can be concl uded

t hat the ni cketcomhqEieteawaegioy of e modelt helhi Bheks latigeshihgp that
capacity. As described above, according to the present invention, it is
possi bl e to ebfi themddelpreddcA2a higher capacity al kaline battery. [0091]
26 SEPTEMBER 2006 33 As stated previously, presunably, the discharge
capacity due foos®ynal nickel oxyhydroxide is obtained in the first plateau
regi on whereas the discharge capacity due to the nickel oxide of high

oxi dation state |ocallyad @orednbypotésiiddoicuirivenobf the dhéddedr gellelcenent is
obtained in the second region.
using the nickel oxyhydroxide C, the discharge capacity in the
first plateau region thereof is the largest among the three,
but the potential curve of the model cell C2 does not have the
second plateau region.
[0086]

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

[0087]

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

from the electrolytic manganese dioxide that is discharged in



[0092] Particularly, the nickel oxyhydroxides incorporating mnanganese as a
different elenent therein in an amount of 0.5 to 10 nolt, which is quite a
broad range, have specificity. They offered preferable258F%FWV5FRE%gveS
simlar to that of the nodel cell A2. [0323] Table 1 shows that the

ni ckel - manganese battery Al using the ni cKel oxyhydroxide A that

| ncor porates manganese therein has extrenely excellent high | oaded

di scharge performance. Presumably, this is because when manganese is

i ncorporated in the crystals of nickel oxyhydroxide, the nickel oxide of

hi gh oxi dation state Ioc&llg formed in the nickel oxyhydroxide has
excel | ent prothh SEPPAsPARFPRY Z8AE%excel | ent el ectronic conductivity as
conpared to the case where a different elenent such as zinc is

incorporated.[¢QQﬁﬁ this, it can be concluded that the nickel oxyhydroxide
I ncor porating manganese therein is nost excellent fromthe standpoint of
the inprovement of hi gFheodbechanas faPgeityeln diafdastopleteaeVBEgionmos 34
Exanple 2 [0094) (Preparation of N ckel Hydroxide) The foll ow ng nickel
hydr oxi des werfe fhveepdckeli axyhpdroxide Bahscverns |ag ragxbepseemafreme
amount ratio between an aqueous solution of nickel sulfate (11) and an
aqueous sol WFIGn Jf Asrgpoiesdns theanickel - manganeskabgttiery Bl, the

discharge capacity in the first plateau region is insufficient.

Therefore, a high capacity battery cannot be obtained.

[o089]

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

[0090]

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

higher capacity alkaline battery.

[0091]



ni ckel hydroxide "d" having a conposition of N 0.97Wn0.03 (CH) 2; nickel
hydroxi de 'e' having a conposition of N o.9at'Zno. 06( qﬁﬁﬂkﬂﬂéﬁﬁ?l
hydroxi de 'f" having a conposition of N o.91MO. 09(C}D

Subsequently, the follow ng nickel hydroxbﬁes wer e prepared in the sane
manner as above except that an aqueous solution of zinc sulfate (I1) was
used instead of an aqueous solution of nanganese sulfate (I1): nickel

hydr oxi de 'g" having a conposition of N 0.97Zno.03 (OH) 2; nickel hydroxide
"h" having a conposition of N o0.94Zno.06(CH)2; and ni ckel hydroxide "i"

h 0 EPT 06 35
Sﬁ\élsggugnff);motslhel ?gl IO%\% %g%?%é%%vﬁ%ggogi? é%l[éeév@ggl pr (?Ear gg@gﬁ%fﬁe same
manner as above except th t the CQ n t|o queou f zinc

| f T SR Mitobhsh et Taekar peraT eSS theadoth Hhfhe ' o
Zﬂ g;ﬁegus)sojutlo %& " g se sulfat% g #i nICk2| hydr, % ] V|gg
a conpositi onfHfst @ Il? §82n5°% dﬂ5¥F€ﬁ) 5 SRRATIR FAFRC gY“ uehtﬁl{kﬁ

conposition of Ni_o.93Zno. g6Coq. oi ((QH) 2;
nickel oxide of high oxldatlon state locally formed by

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

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

[0093]

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

performance.



ni ckel hydroxide "1" having a conposition of N 0.93Zno.09Coo.0i (OH) 2

[ 0097] Powdered X-ray diffraction confirnmed that all the6SpPEEMBER 2606Ckel
hydroxi des "d" to "1" conprised crystals having a fS type structure. The
ni ckel hydroxides "d" to '1' also had thé4follow ng physical properties: a
vol une based average particle size of about 20 pun; a tap density (after
the tapping of 300 tinmes) of about 2.2 g/cnB; and a BET specific surface
area of about 10 nR/g. ('00981 (Preparation of Ni ckel Oxyhydroxide) The

ni ckel hydroxides "d" to "1" were oxidized in the sanme manner as Exanple 1
to prepare nickel oxyhydroxides D to L. Powdered X-ray diffraction
confirnmed that all the 26 SEPTEMBER 2006 36 prepared nickel oxyhydroxides D
to L conprisekkampl®t 2 s having a type structure. The nickel oxyhydroxi des
Dto L also had the follow ng physical properties: a volune based average
particle sizefadoddbout 20 pun; a tap density (after the tapping of 300
times) of about 2.3 g/cnB; and a BET specific surface area of about 12
2/ g. [0099](HiR¥pediatiibanosf NBgeel iny@drokeas)y ode Material M xture Pellet)

Positive electrode material mxture pellets Dto L

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

nickel hydroxide "d” having a composition of
Nio.99Mno.03(OH)2;

nickel hydroxide “"e” having a composition of
Nio.o4Mno.os(OH)2; and

nickel hydroxide “"f" having a composition of
Nio.91Mng. 00 (OH)2.-

[0095]

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

nickel hydroxide “"g” having a composition of
Nip.972n0.03(OH)2;

nickel hydroxide "h" having a composition of
Nio.04Znp.06 (OH)2; and

nickel hydroxide "i”" having a composition of
Nio.51200.00(OH) 2.

[0096]



were produced in the same manner as Exanple 1 except that the nicke

oxyhydroxides Dto L were used. [0100] (Production of N %E- anese
Battery) AA-sized nickel -manganese batteries Di to Li véﬁéyi Pg@@%@&‘in t he

sane manner as Exanple 1 except that the zgroduced positive el ectrode
material mxture pellets Dto L were used. [0101] (Production of Mode
Cell) In order to obtain the electrical characteristics of only nickel
oxyhydroxi de for conparison, nodel cells having the same structure as the
nodel cells of Exanple 1 were produced. Specifically, each of the nickel

oxyhydr oxi des and gr aphi ' ' | i ; Lch was
then put through the ggﬁéggroégﬁﬂagﬂgéfgigﬂp ég?hfgégiégg%ggéF§§6 TEVBER

2006 37 mat %%eglsaé@gﬁéiﬁhge%@é Snaidnb® Esn%tF'chgb dRaslt ¢GhkSele to L2

idgn}ical to | anPIe WEre asse usin theI above- obt ai ned

. : L o , :
o et ot eGP EE| S i o RIS s AR SR, (FETUA
of *Noder ool 1958stH? SPLERLoRu CotiLE, Spifafe HoAd HEEY, snstRdh o 28 10"

di scharged at a constant currepnt of 45 mA (j,e. 5 per gram of the nickel
oxyhydr oxi de)2GReOMFCSOFULLRY ohimapIepgse S&lfate (11):

nickel hydroxide "j” having a composition of
Nio.964n0.03C00.01(OH)2; |

nickel hydroxide “k" having a composition of
Nio.03Zng.06C00.01 (OH)2; and

nickel hydroxide "1" having a composition of
Nio.902DN0.09C00.01(OH) 2.

[0097]

Powdered X-ray diffraction confirmed that all the
prepared nickel hydroxides "d" to "1" comprised crystals
having a f type structure. The nickel hydroxides "d" to "1"
also had the following physical properties:

a volume based average particle size of about 20 um;

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

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

[0098]
(Preparation of Nickel Oxyhydroxide)

The nickel hydroxides "d" to "1" were oxidized in
the same manner as Example 1 to prepare nickel oxyhydroxides D
to L.

Powdered X-ray diffraction confirmed that all the



di scharge capacity in the first plateau region of between +500 and +100 nV
relative to the Hg/ HgO el ectrode and that in the secongksHPEEREER 64 ON Of
bet ween +100 and -400 mV relative to the sane were neasured. The results
are shown in Table 2. [0103] Two pl ateau 3gegi ons were clearly observed in
all the potential curves of the nodel cells D2 to L2. As the amount of the
different netal contained in the nickel oxyhydroxide is increased, the

di scharge capacity in the first plateau region (i.e. high potential region)
decreased and that in the second plateau region (i.e. |low potential region)

i ncreased. 26,52hEBER c%8960xpRydbidHes Babb L Zodtpiiedle O ¥ HA OX | KiBring

Di scharge capacity Discharge capacity Battery in first plateau in second
oL 2o (et gl SHAE W RHRNL) o2 20 TSl e (PN ) B2lhke!
@ (zn: 3 ol {3 SPGB lcel RbpstedBet) 0% 20 6 ol ) 210 38 12
Nickel Ocyhydroxide | %}%oi%me based average particle size of about 20 um;

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

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

[0099]
(Production of Positive Electrode Material Mixture Pellet)

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

[0100]
(Production of Nickel-Manganese Battery)

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

[o101]
(Production of Model Cell)

In order to obtain the electrical characteristics of
only nickel oxyhydroxide for comparison, model cells having
the same structure as the model cells of Example 1 were
produced. Specifically, each of the nickel oxyhydroxides and

graphite were mixed in a weight ratio of 92:8, which was then

put through the same procedure as Example 1 to give model



(Zn: 9 molt) Nickel Oxyhydroxide J J2 (Zn: 3 nolt, Co: 1 nolt) 230 23

Ni ckel Oxyhydroxide K S2 (Zn: 6 molt, Co: 1 nolt) 219 24 qHr&kRIER 2006
Oxyhydroxide L L2 (Zn: 9 nolt, Co: 1 nolt) 214 30 1 | First plateau region
rangi ng from +500 to +100 nV Second pl ateay regi on ranging from +100 to -400
nv [0105] (Evaluation of N ckel-Manganese Battery) <Low Loaded Di scharge
Per f ormance> Each of the initial state nickel-mnganese batteries Dl to L1
was continuously discharged at a constant current of 45 mA at 200C, during
whi ch the di scharge capacity was nmneasured until the battery voltage reached

0.9 V. [0106]maedd iy he&@ﬁs}egiéft@f% Ry LOT Me>mbach &d1idd hid gl state

ni ckel - mnganese batteries was conti nuously discharged at a

it 26 E‘épﬁﬁkﬁ%v&%t B8R o A D e e R M Cenar g
aded di schaf B P necd Bang iR RixEhog HRaatRteL L. SRS
to Example 1, measuring devices were assembled using the
6btained model cells to observe the discharge characteristics
of the positive electrodes.
[ol02]
(Evaluation of Model Cell)

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

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

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



di scharge for the initial state nickel-mnganese batteries DI to Li. They
are given in relative terns with those of the nickel - mgsgpneMBsERabdsery C

of Exanple 1 being set at 100. [0108] Table 3 Ni ckel Oxyhydroxi de D scharge
capacity Discharge tine Battery (netal elsgnent: anmount) at 45 mA <to 0.9 V>
at 1 W<to 0.9 V> inrelative terns in relative terns D Nicke

Oxyhydroxide D 108 109 (Wnh: 3 nolt) El Nickel Oxyhydroxide E 107 110 (Mn:
6 molt) FI N ckel Oxyhydroxide F 106 109 (Mi: 9 nolt) N ckel Oxyhydroxide G
GL (Zn: 3 nolt) 103 100 Nickel Oxyhydroxide HH (Zn: 6 nolt) 99 98 N ckel
Oxyhydroxi de foiglay(Zn: 9 nolt) 98 98 Nickel Oxyhydroxide J J1 (Zn: 3 nolt,
Co: 1 nolt) 104 100 N ckel Oxyhydroxide KKl (Zn: 6 nmolt, Co: 1 nolt) 99 99
Ni ckel Oxyhy ié“é LL1 (Zn: 9 nolt, Co: 1 nolt) 99 99 [0109] Table 2
illustrates that th DOSItlve,eJegLrodes of the nmodel cells D2, F2 FE?

o0 2 eVE 2 8 SO Ohucrs cmpmparorice | S ST | DIEES SoncTy
region (mAh/g) region (mAh/g)
D2 Nic\ke(J!.‘In O:x:‘;hﬁzx)ide D 245 13
E2 N T L 236 17
F2 NiCke(J;m O:xyghﬁo%x)ide F 228 20
G2 O ey ¢ 227 22
H2 Nicke(lZ rﬁxyshﬁx)ide H 219 28

First plateau region ranging from +500 to +100 mV
Second plateau region ranging from +100 to -400 mV
[0105]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
D1 to Ll was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.
[0106]
(High Loaded Discharge Performance>

Each of the initial state nickel-manganese batteries
D1 to L1 was continuously discharged at a constant power of 1

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



capacity of not

| ess than 220 mAh/g in the first plateau

region and a

di scharge capacity of 10 to 25 mAh/g in the 26 SEPTENVBERs 09 MHBIER s0960nd

pl at eau regi on.
D1, H,

di scharge 3 to B$ hi gher

Tabl e 3 denonstrates that the nickel -
F1, Gl and J1 have an inproved di¥tharge capacity at the | ow | oaded
than that of the nickel-nmanganese battery CI.

[0110] The i nprovenent of the | ow | oaded di scharge
oxyhydroxides D, E, F, G and J

the foll ow ng facts:

of fered an appropriate |evel

regi on.

appropriate | evel of

t he ni ckel
of

firstly,

r esi dual

mai nt ai ned even during the discharge of
whi ch i nprovegdoib®] utilization of the electrolytic nmanganese di oxi de.

[0111] All

t he ot her hand,

the first plateau region.

capacity.

El and F1 usi ggg
therein. Presunmably,

to Ll.

the positive el ectrodes of the nodel

Because of thi

t he reason

mat eri al

manganese batteries

performance is due to

di scharge capacity in the first plateau
Seconthg, babeery s ltthgenreachedrarm pidorfddischarge roltaged of Rad an
capacity in the second pl ateau
el ectron conductivities of the positive el ectrode

region, the
m Xt ures were

the el ectrol yti c nanganese di oxi de,

S,

cells H2,
of f er edraylel BSEhbwei €id dilsehalrgef cdpacihtar g ameaqiowy during
the cells did not achieve higher

[ 0142hed Nai serErdal ahigbnd ogtkash AigeC Ramgeapethé® MY Qoalied

remar kabl e i nprovenent was observed in the nickel -manganese

12, K2 and L2,

batteries D1,

They are given in relative terms with those of the

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

on

Gb CH toeY Y Px] dogatld nEck8NdmBEngarésd BAltdig dEmganese

[0108]
Table 3
Battery | Nickel Ootyaroxise | 2SN RN | W Gro 0.5 W
in relative terms in relative terms
D1 Ni‘"’ke;m"f’;hymx)ide D 108 109
E1 "icke(lmm")ide E 107 110
F1 A e 106 109
Gl Nic"e(lzrﬁ"i;hﬁ?)ide ¢ 103 100
H1 Nicke(lzr(l):xyshyn?c.:ix)ide H 99 98
I1 Nicke(lznozxyghyn;i;:x)ide I o8 98
J1 o %) 104 100
KL | (gns s mote, Cor 1 mol) 29 99
L1 | (zn: o mote, Cor 1 melt) 99 99
[0109]

Table 2 illustrates that the positive electrodes of

the model cells D2, E2, F2, G2 and J2 have a discharge

capacity of not less than 220 mAh/g in the first plateau

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




why such difference was created is because the nickel oxides 26 SEPTEMBER

2006 41 of high oxidation state produced by the incorp9{$§ﬂﬁﬁkégﬁ nmanganese
into the crystals of the nickel oxyhydroxi des have excélleén Hho

diffusibility and excellent electronic cquuctivity, conpared to the nickel
oxi des of high oxidation state produced by the different netals such as Zn
and Co. Exanple 3 [0113] Positive electrode material m xture pellets m to
M/ were produced in the same manner as Exanple 1 except the nmanganese
anount relative to the total anount of the nickel and the manganese

S U
were prepared in the sane manner. as Exanple.1l except that the amount ratio
between an JARRIANESSHPFELERLSF D ci¥h Fdirf Gl et ! AV adBREa¥®ds0l uti on
of manganese sulfate (I1) were changed: [0115] _nickel hydroxide nl having a
conposi ti on ofisehargnoaprsityoat dhe dovnlerdedrgiiehanse o tRabfnhigher
Composi 1 on othani Gi o thef ikl MargensERTERERRDGTS |
[0110]
The improvement of the low loaded discharge
performance is due to the following facts: firstly, the nickel
oxyhydroxides D, E, F, G and J offered an appropriate level of
discharge capacity in the first plateau region. Secondly,
because the nickel oxyhydroxides D, E, F, G and J had an
appropriate level of residual capacity in the second plateau
region, the electron conductivities of the positive electrode
material mixtures were maintained even during the discharge of
the electrolytic manganese dioxide, which improved the
utilization of the electrolytic manganese dioxide.
[0111]
All the positive electrodes of the model cells H2,
I2, K2 and L2, on the other hand, offered an insufficient
level of discharge capacity during the first plateau region.
Because of this, the cells did not achieve higher capacity.
[0112]
In terms of high loaded discharge performance, a
remarkable improvement was observed in the nickel-manganese
"batteries D1, El and Fl using the nickel oxyhydroxides D, E

and F incorporating manganese therein. Presumably, the reason

why such difference was created is because the nickel oxides



42 ni ckel hydroxide md4 having a conposition of N o. 96Wn0.04 (OH) 2; nickel
hydr oxi de nb having a conposition of N o0.93Mo0.07 (OH) _2: nickel hydroxide
m6 having a conposition of Ni0.9Vh0 _1(OH)2; and nickel ZAYEREEMBER 2896 havi ng
a conposition of N o0.88M0.i2(0OH)2 [0116],.,Powdered X-ray diffraction
confirmed that all the prepared nickel thToxides m to nv¥ conprised
crystals having a P type structure. The nickel hydroxides ml to nv also had
the foll owi ng physical properties: a volune based average particle size of
15 to 20 pun; a tap density (after the tapping of 300 tinmes) of 2.1 to 2.2
g/cnB; and a BET specifjic surface area of o 12 ng/q. 0117 Preparation
of Nickel OxyR¥d RHLdatdon; gkate Wgebn%h?o”#m&é dPfed in the
sane nmanner as Exanple 1 to prepare nickel oxyhydroxides ML to_ M/, Powdered
X-ray diffrachABSaReHE iinHed thRafrystaks©f Shephickehi erAydsepidesohades ML
to M7 conprised crystals having a P type structure. The nickel
oxyhydr oxi desexgelleny praton gigfusibildtyomndgepestlient edesiaonies: 26
SEPTEMBER 2006 43

conductivity, compared to the nickel oxides of high oxidation

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

Example 3
[0113]

Positive electrode material mixture pellets M1 to M7
were produced in the same manner as Example 1 except the
manganese amount relative to the total amount of the nickel
and the manganese contained in the nickel oxyhydroxide was
changed to those shown in Table 4.
f0114]

(Preparation of Nickel Hfdroxide)

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

[0115]

nickel hydroxide ml having a composition of
Nio, 999Mng. 001 (OH)2;

nickel hydroxide m2 having a composition of
Nio.o9sMnio.00s (OH)2;

nickel hydroxide m3 having a composition of

Nig.ooMnyp. 01 (OH)2;



a vol unme based average particle size of 15 to 20 Fun; a tap density (after
the tapping of 300 tinmes) of 2.2 to 2.3 g/cnB; and a BisISEPIeMHEERQ 084! f aCce
area of about 10 to 14 n2/g. [0118] (Production of Positive El ectrode
Material Mxture Pellet) Positive electraoge material mxture pellets ML to
M/ were produced in the sanme manner as Exanple 1 except that the nicke
oxyhydroxides M to M/ were used. Subsequently, AA- sized nickel -manganese
batteries M to M/ were produced in the sanme manner as Exanple 1 except
that the produced positive electrode material mxture pellets M to M/ were

used. [0119] (Eval uat in%%():c%iof?@ﬂ‘&{id@ﬂﬂaﬂﬁﬁn aétc?dxﬂﬁolsii'igw bgaded

Di scharge Perfornmance> the initial state nickKel-manganese batteries
ML to M7 was gﬁnt%ﬂyougﬁy di scharged at a constant current of 45 mA at 20C,
during whi ch tr&*arsdh rd%'capacity was measured until the battery vol tage
reached 0.9 V. [0120] [ ] r el f > Fach of the
initial state nickel-naiggﬁgsggggS%%é%ngqﬁﬁﬁPg é78§g§ﬂ§§ﬁf§%3%ﬁsly

di scharged at i c sta&&{ ower of 1 Wat 20C, during which the discharge
time was neasl é&ﬂﬁﬁﬂﬂ 2he battery voltage reached an end- of -di scharge

oltage of 0.9 V. 26 SEPTENMBER_200 44 [0121
v g nickel ydroxfﬁe mslﬁav%ng a composition of

Nio.sMno.1(OH),; and

nickel hydroxide m7 having a composition of
Nio. geMno.12 (OH),.

[0116]

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

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

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

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

[0117]
(Preparation of Nickel Oxyhydroxide)

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

Powdered X-ray diffraction confirmed that all the
prepared nickel oxyhydroxides M1l to M7 comprised crystals

having a B type structure. The nickel oxyhydroxides M1 to M7

also had the following physical properties:



Tabl e 4 shows the discharge capacity at the |low | oaded discharge and the

di scharge tinme at the high | oaded discharge f or the nigkgbr e
batteries ML to M/. They are given in relative terns mﬁtE %E%@gﬁgﬂﬁ?he

ni ckel -manganese battery O of Exanple 1 pging set at 100. [0122] Table 4
Ni ckel Oxyhydroxi de Di scharge capacity D scharge tine Battery (netal
el enment: anmount) at 45 mA <to 0.9 V> at 1 W<to 0.9 V> in relative terns in
relative terms Ni ckel Oxyhydroxide M M (Wh: 0.1 nolt) 101 100 Ni ckel
Oxyhydroxide M2 M2 (Mh: 0.5 nolt) 105 103 M3 Nickel Oxyhydroxide M3 106 106

084 ), 18 14 POl U A My
% 100 L TR e Bl S 12,

Table 4 illustrates t the effect of higher capacity is obtained at both
b & e/

the | ow | oade e hi gh | oaded di scharge when nanganese is

cont ai ned in an anount
a BET specific surface area of about 10 to 14 nﬁ/g.

fol18]
(Production of Positive Electrode Material Mixture Pellet)
Positive electrode material mixture pellets M1 to M7
were produced in the same manner as Example 1 except that the
nickel oxyhydroxides M1 to M7 were used. Subseguently, AA-
sized nickel-manganese batteries M1 to M7 were produced in the
same manner as Example 1 except that the produced positive
electrode material mixture pellets M1l to M7 were used.
[0119]
(Evaluation of Nickel-Manganese Battery)
<Low Loaded Discharge Performance)>
Each of the initial state nickel-manganese batteries
Ml to M7 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.
[0120]
<High Loaded Discharge Performance)
Each of the initial state nickel-manganese batteries
M1 to M7 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until
the battery voltage reached an end-of-discharge voltage of 0.9

V.



of 0.5 to 10 nolt in the nickel -manganese battery. Exanple 4 [0124] 26
SEPTEMBER 2006 45 (Production of Ni ckel-Manganese BattQggﬁPquﬁm?igﬁgnganese
batteries Pto Uidentical to the nickel-nmanganese battery Al 0o anple 1
wer e produced except that, in the productipn of the positive el ectrode
material mxture pellets, the electrolytic nanganese di oxi de, the nickel
oxyhydroxi de A, graphite and an oxide additive were mxed in a weight ratio
of 49:45:5:1 to produce positive electrode material m xture powders. The
produced ni ckel - nmanganese batteries P, 0, RS, T and U contained, as the
oxide additivegiyifrium oxide (Y203), erbium oxide (Er203), thulium oxide
(Tnm203), ytterbium oxide (Yb203), lutetium oxide (Lu203) and zi nc oxide

(ZnOQ), respectively. PRI heehdws NHK HictRAgaResSSHfAltheat ¥Yhuasgoir oduced
in the sane manner as above eicep% gﬁgtlﬁo ox?geiﬁéditﬁse was adged. [ 0125]

Th bt ai ned [ V ; h [ QL h
ef ?egt t Slr ggucggg%é;/&!t%% i tei Sﬁﬁ{)ﬁ]?ﬁ%lg oxl est\%g% %Zénﬁi%giﬁﬁ[ d%?g]ﬂd ‘e

Eval uvat i - Ni | - < ' P >
Each of the | Rovteas SRAPTRE Br ORLL Sheblannt baP UL B VY 8B "oRly MRNC
continuousl ¥ drecharded 2o £00S! A e VB kndle B e 1 AT ndHGLRLSL" O

battery Cl of Example 1 being set at 100.

[0122]
Table 4
mattery | Nickel omhyarowtde | S0 CET ) W o 08 v
in relative terms in relative terms
M1 A baereaiin 101 100
M2 N o 105 103
M3 e e sy 106 106
M4 N Tayarox de 1 108 109
M5 Rt 107 107
M6 NiCke(Jim ():X);I:)ydnfoix%i)de M6 105 104
M7 NiCke(];m %de;oﬁde M7 100 98
c1 Nickel Oxyhydroxide C 100 100
(None) (Reference value) (Reference value)
[0123]

Table 4 illustrates that the effect of higher
capacity is obtained at both the low loaded discharge and the
high loaded discharge when manganese is contained in an amount

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

Example 4

[0124]



until the battery voltage reached 0.9 V. [0127] 26 SEPTEMBER 2006 46

<Storage characteristics> The initial-state nickel -mang ﬁEﬁT les Pto
V were stored for 1 week at 60C. Subsequently, each of§€ enFR&@§§&m6

continuously discharged at a constant current of 45 mA at 20C, during which
t he di scharge capacity was neasured until "“the battery voltage reached an
end- of - di scharge voltage of 0.9 V. [0128] Table 5 shows the initial

di scharge capacity at the |ow |oaded discharge and the di scharge capacity
at the low | oaded discharge after storage for the nickel-nmanganese

batteri Pt V.. T ' ' | ati ith th initial
di schar go capRRAPERRORHEE IR L HERGRRESE TATERD \ being sel at 100

[0129] Table 5 Di scharge, capacit Initial discharge, gt. 45 mA after 1
Battery N ckel &yhydngPﬁ%fﬂB%ﬂQ & RRALRTICS LY 4 ﬁ‘h’\ﬂ@é‘f?l dr5geth® in

relative terns, 600C in relative ternms p N ckel Oxyhydroxide A Y203 101 94
4 Nickel OxyHykfked-gangapese Paemys AIROK; EXAMPXS(yih WET6x PFRAACERPEXCaRl 95

S N ckel Oxyhydroxide A Yb2Q3 101 95
that, in the production of the positive electrode material

mixture pellets, the electrolytic manganese dioxide, the
nickel oxyhydroxide A, graphite and an oxide additive were
mixed in a weight ratio of 49:45:5:1 to produce positive
electrode material mixture powders. The produced nickel-
manganese batteries P, Q, R, S, T and U contained, as the
oxide additive, yttrium oxide (Y;0;), erbium oxide (Er,0:),
thulium oxide (Tm;0;), ytterbium oxide (¥Yby0;), lutetium oxide
(Lu0;) and zinc oxide (ZnO), respectively. Meanwhile, a
nickel-manganese battery V was produced in the same manner as
above except that no oxide additive was added.

[0125]

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

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

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

[0127]



T N ckel Oxyhydroxide A Lu203 100 94 U N ckel Oxyhydroxide A ZnO 100 88 V
Ni ckel Oxyhydroxide A None 100 87 [0130] It is evident26YERFEVERIRR066 t hat ,
even when the rare 26 SEPTEMBER 2006 47 g rth metal oxides such as yttrium
oxi de, erbium oxide, thuliumoxide, ytterBiumoxide, |utetium oxide and
zinc oxide were contained in the positive electrode material m xtures, the
initial discharge capacities were alnost the sane as that of the

ni ckel - manganese battery V containing no additive. [0131] In ternms of the
di scharge capacity after storing for 1 week at 60C, however, the batteries
P to T using $HemagecChameeTidtdCSexi des are absolutely excellent. It is
considered that the rare earth netal oxide dissolves in a very small

amount in the al kal i neTheetktlak-staser aiakel tmanaanese, batferies Ry oki de
deposits on the surface of the nickel oxyhydroxide particles to forma
coating fil mwexe storedl for I weekx afeA0DE odFubagIuertlpoteadh aif themhe
positive electrode is increased, and the self-discharge reaction is

m nimzed. [vwHsSS3ZonThauomskeldicschhydedxatea coonmtianitngurrentadf dawmAhqgta
type structure and incorporating manganese therein has a high equilibrium
potential . AQ08uLh durheg ogeicicitheuidisehhtge ecapdcittiye wast meayutred naitiilai ned
at arelatively high level and the self-discharge rate tends to be | arge.
Accordingly, tHe batddiyi esltigd teached enréhd or-adisehatdget Polbageast t0.\9e

V.
[0128]

Table 5 shows the initial discharge capacity at the
low loaded discharge and the discharge capacity at the low
loaded discharge after storage for the nickel-manganese
batteries P to V. They are given in relative terms with the
initial discharge capacity of the nickel-manganese battery V

being set at 100.

[0129]
Table 5
Discharge capacity
Initial discharge | at 45 mA after 1
Battery Nickel Oxyhydroxide Additive | capacity at 45 mA { week storage at
in relative terms | 60°C in relative
terms
P Nickel Oxyhydroxide A Y0, 101 94
0 Nickel Oxyhydroxide A Er,0; 101 95
R Nickel Oxyhydroxide A Tm;03 100 95
S Nickel Oxyhydroxide A Yb,03 101 95
T Nickel Oxyhydroxide A Lu;0; 100 94
U Nickel Oxyhydroxide A Zno 100 88
v Nickel Oxyhydroxide A None 100 87
[0130]

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



el ectrode material mxture is effective particularly when it is necessary
to inprove the storage characteristics of the battery UsSERTEMBHR004
oxyhydr oxi de conprising crystals having a P type structure and

i ncor porati ng nmanganese therein. 26 SEPTEMBER 2006 48 Exanple 5 [0133]
(Production of N ckel-Manganese Battery) Batteries WL to W8 identical to the
ni ckel - manganese battery Al of Exanple 1 were produced except that, in the
production of the positive electrode material mxture pellets, the weight
rati os between the nickel oxyhydroxide A and electrolytic manganese di oxi de
shown i n Tabl eaftinaietalsegtidasdsuch ey tytthjyumesxide oferbigmapkitie, conducti ve
material was mxed wth 95 parts by weight of the total of nicke

oxyhydr oxi de fhuBiigh lokedel, egt t&ttyiint o¥EASINREEe €l @Kicdd ded aBidvVeiNESHEidE
el ectrode material m xture powders. [0134] (Evaluation of Ni ckel-Manganese

Battery) <LoyetdashitaPnsahan %@e% SAHIRBC BTe AN matRe-1iali hidtubbal €

ni ckel - mnganese batteries W to was continuously discharged at a

constant curr ?365 a capa was
measured unti Fﬂ% he ]k}:al?tiera?sé% ta 3 eaclﬁggsm%f%/ éi[}%f(B#S]stm<hgg‘ﬁ ﬁga&g&l

\E/ills;:gargemggrég:] nglg'ZS ic@ %?iéirge tttlajycoa ant po%en@%gﬁﬁisebatte“es

[0131]

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

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

battery using a nickel oxyhydroxide comprising crystals having

a B type structure and incorporating manganese therein.



Wat 20'C, during which the discharge tinme was neasured until the battery
vol t age reached an end-of -di scharge voltage of 0.9 26 SiIHSEPYBMBEIOWGs 49 V.
(0136] Table 6 shows the discharge capacity at the |ow |oaded discharge and
the discharge time at the high | oaded di sfharge for the nickel - manganese
batteries WL to WB. They are given in relative terns with those of the
ni ckel - manganese battery O of Exanple 1 being set at 100. 26 SEPTEMBER
2006 50 [0137] > m 0% IDH C '"14) 4 r-41In ONC MNOwW Yi 00HH
ri Hri OU bi v YHHHTr4ri Hri rl r 3 md HWW m.14J Ca oro.i
A 4ama a4) >

Example 5

[0133]

(Production of Nickel-Manganese Battery)

Batteries W1 to W8 identical to the nickel-manganese
battery Al of Example 1 were produced except that, in the
production of the positive electrode material mixture pellets,
the weight ratios between the nickel oxyhydroxide A and
electrolytic manganese dioxide shown in Table 6 were used, and
5 parts by weight of a graphite conductive material was mixed
with 95 parts by weight of the total of nickel oxyhydroxide A
and the electrolytic manganese dioxide to give positive
electrode material mixture powders.

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

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

[0135]
<High Loaded Discharge Performance)>

Each of the initjial state nickel-manganese batteries

W1l to W8 was continuously discharged at a constant power of 1

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

the battery voltage reached an end-of-discharge voltage of 0.9
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[0136]

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

battery C1l of Example 1 being set at 100.
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As” can be seen from Table 6, taking the bal ance of the “BSFYEF\JBER 200
characteristics into consideration, prefeggred anount of the nickel
oxyhydroxide is 10 to 80 wt% relative to the total amount of the nickel
oxyhydroxi de and the electrolytic nmanganese di oxi de, and preferred anount
of the electrolytic nanganese dioxide is 20 to 90 wt% relative to the
sanme. Exanmple 6 [0139] (Production of N ckel-Manganese Battery) Batteries
Xl to X4 identical to the nickel-manganese battery Al of Exanple 1 were
produced except that, in the production of the positive el ectrode nateri al
m xture pel |l etgo13%]he weight rati o between the nickel oxyhydroxide A and the
el ectrol yti c manganese di oxi de was changed to 50: 50, and the anount of the
graphite conductive material relative to the total amunt of the nickel
oxyhydroxide A the electrolytic
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Table 6
Battery
Wl
W2
W3
W4
W5
we
W7
W8
Cl1




manganese di oxi de and the graphite conductive material was changed to those
shown in Table 7 to produce the positive electrode natgspprEMBERYOGs
powders. The produced batteries X1 to X4 were put through an eval uati on.
(0140) (Evaluation of N ckel-Manganese Batitery) <Low Loaded Di scharge

Per f ormance> 26 SEPTEMBER 2006 52 Each of the initial state

ni ckel - manganese batteries X to X4 was continuously discharged at a
constant current of 45 mA at 20C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V. [0141] <H gh Loaded

Di scharge Perfgrsgnce> Each of the initial state nickel-manganese batteries
XI to X4 was continuously discharged at a constant power of 1 Wat 20C,

during which the dischar [ Yasn Na Ngi |42 tage
reached an end- of - di sc%gggghvgﬁ age of O. IFQI‘{‘?IQ%/I‘ll %blﬁaﬁ{@a% gag%% ﬁe

ohar e, Caraid e Bledy ol Pt AECELLIREB AR AR BEBREPRAA 2 oL
e den | gibH 6 HeRybkid SRENRRRSLE FE s B GAATSR1abRYL S

the total amount of the nickel oxyhydroxide and the

electrolytic manganese dioxide, and preferred amount of the
electrolytic manganese dioxide is 20 to 90 wt? relative to the

same.

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

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

[0140]
(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performance)>
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Each of the initial state nickel-manganese batteries
X1 to X4 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.

[0141]
<High Loaded Discharge Performance)

Each of the initial state nickel-manganese batteries
X1 to X4 was continuously discharged at a constant power of 1
W at 20°C, during which the discharge time was measured until
the battery voltage reached an end-of-discharge voltage of 0.9
V.

[0142]

Table 7 shows the discharge capacity at the low
loaded discharge and the discharge time at the high loaded
discharge for the nickel-manganese batteries X1 to X4. They
are given in relative terms with those of the nickel-manganese

battery Cl of Example 1 being set at 100.
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[0144] As can be seen from Table 7, taking the balance of the battery
characteristics into consideration, prefS8rred anount of the graphite
conductive material is 3 to 10 % relative to the total anount of the

ni ckel oxyhyi&qﬁbqe, the electrolytic manganese di oxi de and the graphite
conducti ve terial . Exanple 7

0 _—
=4 2
L r
o >

miololvio @
=] olold{o]|lo ©

- et |t ]t &
+ 9

& ©
2 )
d° &
o e -~
8o F
)

- P20

avae

n S

3

T ] '3
® e
P H -
paf >
- g

g mio|~lv|o 9
& A olelelolo ©
o > -4-!-—!-!-45
0 o

o )
o - 2
Do a
d o )
ﬁ“‘g

v
A< o
A3

Amount of graphite conductive material relative
to the total amount of nickel oxyhydroxide,

electrolytic manganese dioxide and graphite

(wts)

Table 7
Battery

X1

X2

X3

X4

Cl




[0145] (Production of Nickel-Manganese Battery) Batteries Yl to Y5
identical to the nickel-mnganese battery Al of Exanplf skp#eMBeR296kCed
except that, in the production of the positive electrode naterial m xture
pellets, the electrolytic nmanganese di oxisde, the nickel oxyhydroxide A and
t he graphite conductive material were mxed in a weight ratio of 49:45:5,
to which Y203 was further added in an anount shown in Table 8, the anpbunt
bei ng expressed in wt%relative to the total anount of the nickel
oxyhydroxide A, the electrolytic manganese di oxi de, the graphite conductive
material and MO o produce positive electrode material m xture powders.
The obtained batteries Yl to Y5 were put through an evaluation. [0146]

(Eval uation of Ni ckel - Wagngafiess &&dr &non TabDw T pagkch g IeRAbARafEs  6F MANCE>
26 SEPTEMBER 2006 55 Each of the initial state nickel-nmanganese batteries

Yl to Y5 was &%‘tﬁﬂt‘&&?’ ¥hat-86PeF0ad 3t 1At608SA M Heratiiio)t pRefefPed? at 20C,
during which the discharge capacity was neasured until the battery vol t age

reached 0.9 \, .@%1%751 tﬁét ggﬁ @O%&ﬁhe& $bigstedta Nickelompogpese

batteries \ﬂ.?% wer e st 1 mee at GOC Subsequent |y, each of

t hem was %1’&%3.% kodiREhasoed eﬂﬁoxﬂxtCBESEﬁ‘é‘t f@:g%érd%xﬁe at4edC

during mhlch I 'schar ge capacity was neasure unt
electrolytic manganese dioxide and the graphite conductive

material.

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

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

[0146]
(Evaluation of Nickel-Manganese Battery)

<Low Loaded Discharge Performance)



battery voltage reached an end-of-di scharge voltage of 0.9 V. [0148] Tab
8 shows the discharge capacity at the |ow |oaded di sch¥rSFETEMBERI?€06

ni ckel - manganese batteries Yl to Y5. They are given in relative terns w
that of the initial state nickel-manganes 5battery V of Exanple 4 being set
at 100. 26 SEPTEMBER 2006 56 (0149] Y CO0 ,&4 41 mM ri NC) " e N U
mOlL O+ O+ 01 O+ LO m4-' N+0O ' mOFf -4 m- O-mM *4 h +J 0 pv mN

Y. 4

>ao0~00.12r{ Dom UOYr.40"'0Cl ri ri CSI mMmUE-I a mi

Each of the initial state nickel-manganese batteries
Yl to Y5 was continuously discharged at a constant current of
45 mA at 20°C, during which the discharge capacity was
measured until the battery voltage reached 0.9 V.

[0147]
{Storage characteristics)

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

Table 8 shows the discharge capacity at the low
loaded discharge for the nickel-manganese batteries Y1 to ¥5.
They are given in relative terms with that of the initial

state nickel-manganese battery V of Example 4 being set at 100.
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57 [0150] Table 5 illustrates that, even when Y203 is contained in an
anmount of 0.1 to 2 wt.%relative to the5®&hole positive electrode nateri al
m xture, the storage characteristics alnost the sane as those of the

ni ckel - mangqggggjbattery P of Exanple 4 were obtained. It is assuned that
simlar result cart be
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obtained with the use of other rare earth netal oxides. Although the
details are not given here, that has actually been condsdpppempERLed | N the
Exanpl es descri bed above, the nickel oxyhydroxides had a vol une based
average particle size of 15 to 20 run, astiap density (after the tapping of
300 tinmes) of 2.2 to 2.3 gfcnB and a BET specific surface area of about 10
to 14 n2/g. However, it should be understood that the present invention
does not require nickel oxyhydroxi de powders having the physical properties
just stated above. N ckel oxyhydroxides having the physical properties
different froppigdpse mentioned above can be used in the present invention.

[ 0152] Mbreover, although Exanpl es gi ven above produced alkaline batteries
having a so-called insigdgnQue Sifublithies thile, PEFeRNndd¥8H] 11 dohtained
applicable to batteries wth different structures such as button type

bat ter [ o5, andyy Pl SUBSLG: Bat bet | €9 2 3R4SERTEVRER A00khe SAohadlskittbe

Applicability™ X escr;?ed abore, according to the presen .
LQY;QH?“’N | Eﬁiﬁfﬁ%‘ﬁ% iﬁszr?-ﬁi rEt d_VeSmB#?r 9§#‘f‘5§9e§h %%%%t&%?ﬁ%%%ﬁ fufose! f
s cnor mous. CHRGST Gn(oPReCht | iF CAERBL-RERRREFS Gastert, § oF BEemle

4 were obtained. It is assumed that similar result can be

obtained with the use of other rare earth metal oxides.
Although the details are not given here, that has actually
been confirmed.

[0151]

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

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

prismatic batteries.



batteries, and it is particularly effective in nickel- manganese batteries.
26 SEPTEMBER 2006 59 CLAI M5 (anmended under PCT Articl ee¢$BpTEMBER 2806kal i ne
battery conprising a positive electrode, a negative el ectrode and an

al kaline electrolyte, said positive el ect8de conprising a positive

el ectrode material m xture containing nickel oxyhydroxide, electrolytic
manganese di oxi de and a graphite conductive nmnaterial, wherein said nickel
oxyhydroxi de conprises a crystal having a P type structure, said crystal
havi ng manganese dissolved therein, and the anmpbunt of said manganese
cont ai ned i n radustrialkaippdighpdlidkyde is 0.5 to 10 nolt relative to the
total anpunt of nickel and said manganese contained in said nickel
oxyhydr oxi de. [@153Anended) An al kaline battery conprising a positive

el ectrode, a negative electrode and an al kaline electrolyte, said positive
el ectrode conprising aaRogekby¥fbed! fdveldacBBEEinG! tdl tHel pRegBAtaI NI NG

ni ckel oxyhydroxi de, electrolytic manganese di oxide and a graphite
conductive 148 An S&i+d ;i : @ELEES ¢ I b S C havi ng
manganese di rs%?) vﬂe otnh'e?g?%ga%égﬁ%%%e gb?%g@g?r%%ﬂ?:fa \El%gglg#n when a
ol ded arti cl £, GOy 9181308 BhtEEP 881 the' S 1268V ehEX Ll AtheiAt

graphi te condu
of high loaded discharge performance can be expected.
Accordingly, the industrial importance thereof is enormous.
The present invention can be applied to primary alkaline

batteries, and it is particularly effective in nickel-

manganese batteries.



26 SEPTEMBER 2006 60 material is imrersed in an aqueous sol ution containing
40 wt* KOH and a constant current per gram of said ni 8kSEIPTEMBER 06| de of
S M is applied to said nolded article, d4yre potential of said nol ded
article has a first plateau region ranging from+500 to +100 nV relative to
an Hg/ HgO el ectrode and a second plateau region ranging from+100 to -400
nv relative to said Hg/HgO el ectrode, the discharge capacity per gram of
said nickel oxyhydroxide in said first plateau region is 220 to 250 nmAh,
and the discharge capacptXTtHe" (HheHid whabf PEFKelt1i ey Rygroxide in said
second pl ateau region is 16 to( 25 mAh. - 3. Tﬁ% l;ﬁ;aﬁine bgttery in
accordance with claim 1, wherein the anount of said nickel oxyhydroxide is
10 to 80 w* relative to the total anmount of said nickel oxyhydroxide and
said electrol yti c manganges LOX] Sond.a ne ks SAl J.0.d.ve el ectrode
material mxture, and't @ gr]r%h%?hg?b sallg} &bglgﬁ'cg)f'?/?i% é’)rée)lszlgg&r%se dioxide is
20 to 90 w ¢ {ve Lg._t aRunL, l y in
accordance é?%§£€+éﬁTn%£H%g%%%§8i%i .% ano%%g é? %ggﬁﬁkﬁgﬁggﬁggﬁgggébxide is

10 to 80 wt% relati Vs%itdo ngtigégellead@%rate gfamsgigirgé gakg,lc?é%{%} dr oxi de and

said el ectrol yti c manganese™di Oxi dé cont al ne Mm-S el ectrode
mat eri al m xt ur nd the .apount, of said.el.ectral yti.c ma nese. dioxide is
20 to 00 w serermdtmaek Al kel SffiihiRs, by aliigFrtac,

electrolytic manganese dioxide and a graphite conductive

material,

wherein said nickel oxyhydroxide comprises a crystal
having a f type structure, said crystal having manganese
dissolved therein, and

the amount of said manganese contained in said
nickel oxyhydroxide is 0.5 to 10 mol% relative to the total
amount of nickel and said manganese contained in said nickel
oxyhydroxide.

2. (Amended) An alkaline battery comprising a
positive electrode, a negative electrode and an alkaline
electrolyte,

said positive electrode comprising a positive
electrode material mixture containing nickel oxyhydroxide,
electrolytic manganese dioxide and a graphite conductive
material,

said nickel oxyhydroxide comprising a crystal having
manganese dissolved therein and having a f type structure,

wherein, when a molded article comprising a mixture

of said nickel oxyhydroxide and said graphite conductive



61 5. The al kaline battery in accordance with claim1, wherein the anmount
of said graphite conductive material is 3 to 10 w % r ¥ SEPTEMBER 208 ¢ ot al
amount of said nickel oxyhydroxide, saighelectrolytic manganese di oxi de and
sai d graphite conductive material contained in said positive electrode
material mxture. 6. The al kaline battery in accordance with claim 2,
wherein the anmount of said graphite conductive material is 3 to 10 W%
relative to the total anmount of said nickel oxyhydroxide, said electrolytic

manganese digKbffa AN iSiledsBBARAT & Gl G¥euERLRT bt LONRY 28dwtR sai d
positive electrode material mxture. 7. The alkaline battery ™ n accordance

with ol aim oy hereldbrildtPBALbNE RieGbAlBeTBAET @l gyt Ur e furt her

contains at [ east one rare earth net e sel ecte romthe group

i sti TnRO3 %’e 3 @ﬂgl lhtq f id
(r:gpzl Zalrtnﬁ %e&?%{?g%?(}fﬁieg% (I); F1EKt %SZX%A) ?elﬁ%a{s%\%g lin%lt e %ot a %glrjrghﬁ? o?alsai d
Cckel h . e | i " i oy . hi t
Comouct | vor BUEEHLES) o a1 hBTRE] St £l B RARNGD 8 £ Yo fredlf rladbAPT { ©

mat ori 21 m SELPSObis00r kB, P1do mvIRAeyRTD RS K MoTR TR,

contains at |'east one rare

ot SR eSS LRt e EEERC TR ot L
t ot al annuntreggtf%dtoniscal&%l H%?iéEéSdéfé‘citdr%de%ai d 26 SEPTEMBER 2006 62

the discharge capacity per gram of said nickel
oxyhydroxide in said first plateau region is 220 to 250 mah,
and

the discharge capacity per gram of said nickel
oxyhydroxide in said second plateau region is 10 to 25 mah.

3. The alkaline battery in accordance with claim 1,

wherein the amount of said nickel oxyhydroxide is 10
to 80 wt% relative to the total amount of said nickel
oxyhydroxide and said electrolytic manganese dioxide contained
in said positive electrode material mixture, and the amount of
said electrolytic manganese dioxide is 20 to 90 wt% relative
to said total amount.

4. The alkaline battery in accordance with claim 2,

wherein the amount of said nickel oxyhydroxide is 10
to 80 wt% relative to the total amount of said nickel
oxyhydroxide and said electrolytic manganese dioxide contained
in said positive electrode material mixture, and the amount of
said electrolytic manganese dioxide is 20 to 90 wt% relative

to said total amount.



el ectrol yti c manganese di oxi de, said graphite conductive nmaterial and said
rare earth netal oxide. 26 SEPTEMBER 2006

61

5. The alkaline battery in accordance with claim 1,

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

6. The alkaline battery in accordance with claim 2,

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

7. The alkaline battery in accordance with claim 1,

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

8. The alkaline battery in accordance with claim 2,

wherein said positive electrode material mixture
further contains at least one rare earth metal oxide selected
from the group consisting of ¥:0;, Er;0;, TmzO;, ¥Yb,0; and Lu,0;,
the amount of said rare earth metal oxide is 0.1 to 2 wt%

relative to the total amount of said nickel oxyhydroxide, said
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electrolytic manganese dioxide, said graphite conductive

material and said rare earth metal oxide.





