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CONDUCTI VE AGENT AND NON- SI NTERED NI CKEL ELECTRODE FOR ALKALI NE %TO_RAGE |
BATTERI ES FI ELD OF THE | NVENTION This invention relates to a cohd@&is J&Pye
agent and a non- sintered nickel electrode for use in al kaline storage
batferies. BACKGROUND OF THE | NVENTI ON This application clains the Paris
convention priorities of Japanese Patent Applications Nos. 8-46575 and
8-46576 both filed on February 7, 1996. It is known to use a sintered
ni ckel el ectrode as the nickel electrode of an al kaline storage battery
such as an N -Cd battery or a nickel-hydrogen battery. For the purpose of

making (i SEPEETIve ACENT WND KORWS MNP REDCHEICIPPEARL BGTRODECRER on

the surfaces of a substrate porous steel plate and then this

SUbStrateiﬁiﬂﬂﬂ@Nﬂ”ﬁTﬁ%ﬁgqtﬁl gy ve material (e.g. nickel hydroxide).
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In order to I nprove the ensity of an active material used in a

sintered nickel electrode, itpjgL)OESHE YINVENBEONM highly porous sintered
substrate. However, a highlyporous—sintered substrate has a di sadvant age

that it is apt tyh&l |iHwéleidh Pela RIS 4 Cconductive agent and a non-

sintered nickel electrode for use in alkaline storage

batteries.

BACKGROUND OF THE INVENTION

This application claims the Paris convention priorities
of Japanese Patent Applications Nos. 8-46575 and 8-46576
both filed on February 7, 1996.

It-is known to use a sintered nickel électrode as the
nickel electrode of an alkaline storage battery such as an
Ni-Cd battery or a nickel-hydrogen battery. For the purpose
of making this electrode, it is well known that nickel
powder is sintered on the surfaces of a substrate made'of a
porous steel plate and then this substrate is impregnated
with an active material (e.g. nickel hydroxide).

In order to improve the bulk density of an active
material used in a sintered nickel electrode, it is
necessary to use a highly porous sintered substrate.
“Hovever, a highly porous sinfered substrate has a
disadvantage that it is apt to allow the nickel powder to
fall off therefrom because of a weak bond between nickel
grains resultiﬁg irom sintering. In order to prevent the
nickel po#der'ftom falling off from the highly porous

sintered substrate, it is most common to make the porosity
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fall off therefrom because of a weak bond between nickel grains resulting
" fromsintering. In order to prevent the nickel powder fromfalling off from
the highly porous sintered substrate, it is nost common to nake the
porosity -2- of the sintered substrate |lower than 80 % However, the
porosity of the sintered substrate | ower than 80 % prevents the active
material from having a bulk density which is |arge enough to be adapted for
use in a sintered nickel el ectrode. The highly porous sintered substrate
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electrode. The highly borous sintered substrate has another
disadvantage that a cumbersome process of impregnation has
to be repeated several times.by an infilfration method for
filling the substrate (i.e. a sintered compact) with the
active material. This is because a sintered compact
obtained from nickel pow@er usually has a pore size smaller
than 10 2 m.

A non-sintered nickel electrode has been recently
proposed for the purpose of eliminating these disadvantages,
where the electrode is made by directly filling a highly
porous substrate (such as a foamed metal plated with an
alkali-proof metal) with an active material (e.g. nickel
hydroxide) fluxed with a solutioﬁ of a binding agent (e.g.
an aqueous solution of methyl cellulose). Since a highly
porous substrate (having a porosity of 95 % or more) can be
used for the non-sintered nickel electrode, the active

material is allowed to have a large bulk density and only a
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single proceés is enough to fill the substrate with the

active material.

However, the highly porous substrate used for the
improved bulk density of the active material in the non-

sintered nickel electrode is accompanied by a lower electric



porous substrate (such as a foanmed netal plated with an al kali-proof netal)
with an active material (e.g. nickel hydroxide) fluxed with a solution of a
bi ndi ng agent (e.g. an aqueous solution of nmethyl cellulose). Since a

hi ghly porous substrate (having a porosity of 95 % or nore) can be used for
t he non-sintered nickel electrode, the active material is allowed to have a
| arge bul k density and only a single process is enough to fill the
substrate with the active material. Howsver, the hi ghly porous substrate
used for the inproved bulk density of the active material in the non-
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t hat cobalt hydroxi de powder (as osed 1 n Japanese
electrode.

For the purpose of improving the electric conductivity
of the non-sintered nickel electrode, it has been proposed
that cobalt hydroxide powder (as disclosed in Japanese Laid
Open Patent Application No. 61-74261) or graphite powder (as
disclosed in Japanese Laid Open Patent Application No. T-
211316) should be added to nickel hydroxide powder.

However, a study made by the present inventors has '
revealed that, even if cobalt hydroxide powder or graphite
povder is added to an active material, it is difficult to
obtain a non-sintered nickel electrode in which the
utilization of active material is sufficiently high, i.e. in
which the active material is made available in a
sufficiently high degree.

For the purpose of improving the electric conductivity
of the non-sintered nickel electrode, it has also been
proposed that the active material should take the form of
“composite particles consisting of grains of nickel hydroxide
coated with cobalt hydroxide (as disclosed in Japanese Laid
Open Patent Application No. 62-234867) or those consisting
of grains mainly constituted by nickel hydroxide and coated

with cobalt oxyhydroxide (as disclosed in Japanese Laid Open

Patent Application No. 3-78965).



Open Patent Application No. 61-74261) or graphite powder (as disclosed in
Japanese Laid Open Patent Application No. 7- 211316) should be added to
ni ckel hydroxi de powder. However, a study made by the present inventors
has reveal ed that, even if cobalt hydroxi de powder or graphite powder is

added to an active material, it is difficult to obtain a non-sintered
ni ekel electrode in which the utilizatign of active material is
sufficiently high, i.e. in which the active material is nade available in a

sufficiently high degree. For the purpose of inproving the electric
conductivity of Howewmem,sianetkdrnisthdy aasiet hgdethé tphesentsanveartors
proposed that the active material should take the form of conposite
particles dasisevealsfd gtharts ofvenchdlthhydralxiae deared ene¢mtcanalthe
hydroxi de (as disclosed in Japanese Laid Open Patent Application No.
62- 234867) asrt1w@seatendiasht.i nyt oft sgddiffd audithito colmka i ua edoby sdindieated
hydr oxi de and coated with cobalt oxyhydroxide (as disclosed in Japanese
Lai d Open mmﬁhﬂl/ﬁkﬁ¢t£md©ninbwh$cé8966)utilization of active material

is sufficiently high.
SUMMARY OF THE INVENTION .

Accordingly, a principal object of this invention is to
provide a conductive agent having a high electric
conductivity and a non-sintered nickel electrode in which
the utilization of active material is high, both the
conductive agent an? the non-sintered nickel electrode being
intended for use in alkaline storage batteries.

The present invention provides a conductive agent for
alkaline storage batteries characterized in:

that an aqueous solution of sodium hydroxide is added
to cobalt or a cobalt compound;

that a mixture of said aqﬁeous solution of sodium
hydroxide and said cobalt or said cobalt compound is heated
to a temperature falling within a range between 50 °C and
200°C; and
- that said adding and said heating steps are such that a
conductive agent containing 0.1 to 10 % by weight sodium
results therefrom. |

The present invention also provides a non-sintered

nickel electrode for alkaline storage batteries

characterized in:



However, another study nmade by the present inventors has reveal ed that,
even with such an inprovenent in the active material, it is difficult to
obtain a non-sintered nickel electrode in which the utilization of active
material is sufficiently high. SUWARY OF THE | NVENTI ON Accordingly, a
princi pal object of this invention is to provide a conductive agent having
a high electric conductivity and a non-3Pntered nickel electrode in which
the utilization of active material is high, both the conductive agent and

the non-sintered -njckel electrode being iniended fo se i.n al kal
storage batteri 2 ThaRpAgE&Rus SAdittim RHvFadiug ﬁlﬁaﬁl%ﬁa?e lég@ﬁ{]deef%r

al kal i ne stora tteries characterized, in: that an aqueous sol ution of
sodi um hydr‘iﬂd‘g’g’qbﬁt Aot 9P bbLMRRULA tobal t conpound:; that a mixture of

ai d aqueo olutiaon of sodi um hydroxide and sai d cobalt or id cabalt
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to a temperature falling within a range between 50 °C and
200°C;

that sdid adding and said heating stepé are such that a
conductive agent containing 0.1 to 10 % by weight sodium
results therefrom; and

that said conductive agent is added to a pulverulent
active material consisting of grains of nickel hydroxide or
grains mainly const&tuted by nickel hydroxide such that 1 to
20 parts by weight of said conductive agent is added to 100
parts by weight nickel hydroxide contained in said
pulverulent active material.

The present invention further provides a non-sintered
nickel electrode for alkaline stofage batteries comprising:

a pulverulent active material in the form of composite
particles consisting of grains of nickel hydroxide or grains
mainly constituted by nickel hydroxide; and
. each of said grains having a surface formed with an
electric conduction layer consisting of a cobalt compound
containing 0.1 to 10 % by weight sodium.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation and many of the attendant

advantages thereof will be readily obtained as the same



. results therefrom The present invention also provides a non-sintered

ni ckel electrode for alkaline storage batteries characterized in: -5-
t hat. an aqueous sol ution of sodi um hydroxide is added to cobalt or a cobalt
conpound; that a m xture of said aqueous sol ution of sodi um hydroxi de and
said cobalt or said cobalt conpound is heated to a tenperature falling
within a range between 50 [err]C and 200[err]C ; that said adding and said
heati ng steps are such that a conductive_&gent containing 0.1 to 10 % by

wei ght sodi ym.resul herefr nd sai nduct, v e i dto
a pul verul eﬁ?cg G v%é?;rgteé} i%ﬁ‘?ghﬁ iosq(* rr]lgg'ofr"J‘Lriea‘ig%gggf ttr%)l 5&*@? ﬁ&&llglegﬁejgor
grains main i by -ni ckel hy d ch t t y
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hydroxide coptghpsflyiRegSakdwings wherein:
Fig. 1 is a curve of the utilization of active material
in a non-sintered nickel electrode plotted against the
sodium content of a cobalt compound containing sodium;
Fig. 2 is a curve of the electrode capacity of the non-

sintered nickel electrode plotted against the amount of the

cobalt compound containing sodium added to nickel hydroxide;

Fig. 3 is a_curve of the utilization of active material
in a non-sinteréd nickel electrode plotted against
temperatures required for a heating process in producing the
cobalt compound containing sodium;

Fig. 4 is a fragmentary sectional viev of a means for
measuring specific electric conductivity;

Fig. 5 is a similar view té that shown in Fig. 1 but
showing the case where the cobalt compound is applied to an
electric conduction layer; and

Fig. 6 is a curve of the electrode capacity of the non-

.sintered nickel electrode plotted against the percentage by
weight of the aforesaid cobalt comﬁound contained in the
electric conduction layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIKENTS

A conductive agent for use in alkaline storage

batteries in accordance with one aspect of the present



pul verul ent active material. The present invention further provides a
non-si ntered nickel electrode for al kaline storage batteries conprising: a
pul verul ent active material in the formof conposite particles consisting
of grains of nickel hydroxide or grains mainly constituted by nickel
hydr oxi de; and each of said grains havipg a surface formed with an electric
conduction | ayer consisting of a cobalt conpound containing 0.1 to 10 % by
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The sodium content of the conductive agent in
accordance with the present invention falls within the range
between 0.1 and 10 % by weight. If the sodium content does
not fall within this range, it is impossible to obtain a
conductive agent having a sufficiently high electric
conductivity.

The cobalt compound suitable for use in this conductive
agent is cobalt hydroxide and cobalt oxide.

The chemical structure of the conductive agent in
accordance with the present invention has not been
established yet. In view of the fact that it has an
extremely high electric conductivity, it is inferred that it
is not a mere mixture of sodium and a cobalt compound (such
as cobalt oxyhydroxide) but a cobalt compound having a
particular crystalline structure of which a sodium atom or
atoms are components. |

Temperatures suitable for heating the materials for the
“conductive agent in accordance with the present invention
range between 50 and 200 °C. At temperatures above or below
this temperature range, it is impossible to obtain a
conductive agent having a high electric conductivity. A

conceivable reason therefor will be described hereinafter.



Fig. 2 is a curve of the electrode capacity of the non- sintered nickel
el ectrode plotted agai nst the anmount of the cobalt conpound contai ni ng
sodi um added to nickel hydroxide; Fig. 3 is a curve of the utilization of
active material in a non-sintered nickel electrode plotted against
tenperatures required for a heating procgss in producing the cobalt
conmpound contai ning sodium Fig. 4 is a fragmentary sectional vieM/of a
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containing Na (corresponding to the conductive agent

in accordance with the present invention)

An explanation for the difficulty in obtaining a
sufficient amount of a conductive agent having a high
electric conductivity at temperatures above or below the
aforesaid temperature range between 50 and 200 °C may
possibly be provided by the following: Vhen the materials
are heated at temperatures below 50 °C, it is difficult to
allow the final stage (i.e. CoH0z — cobalt compound
containing Na) of the aforesaid reaction to proceed
sufficiently. The result is that a large amount of Col0:,
vhich has a lower electric conductivity than the cobalt
conpound containing Na, is produced. ¥hen the materials are
heated at temperatures above 200 C, a large amount of
tricobalt tetroxide (Co30,) having a low electric
conductivity is produced.

Normally it takes 0.5 to 10 hours for the conductive
‘agent in accordance with the present invention to be heated
for production, although the time required for heating the
same varies with the amount and concentration of the aqueous
solution of sodium hydroxide and with the temperature at

vhich the aqueous solution of sodium hydroxide is heated.



-7-"invention contains 0. 1 to 10 % by wei ght sodi um Thi s sodi um cont ent
results fromcobalt or a cobalt conpound, to which an aqueous sol ution of
sodi um hydroxi de is added and heated to 50 to 200[err] C. The sodi um content
of the conductive agent in accordance with the present invention falls

wi thin the range between 0. 1 and 10 % by weight. If the sodi um content
does not fall within this range, it isdgapossible to obtain a conductive
agent having a sufficiently high electric conductivity. The cobalt conpound
suitable for use,in this conguctive agent is cobalt hydroxi de and cobalt

oxi de. The cheni4¢$0Ed}ngt tpeaspthgs asmesdt iofe theerdtivien tdator ddiREe Wi Eh

the present invepntion has npt been established yet. |n view of the fact
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is not a nerg mxture of sqdiu nd a copalt compound,(such as cghalt
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structure of_ which a,odi ymatom or atons, are conponents., Tenperatuyes
suitabl e fdtleeiEOLs the it Ahigh FEP gforesaid conductive agent in

accordance.with the present invention is added to a
pulverulent active material consisting of grains of nickel
hydroxidé or grains mainly constituted by nickel hydroxide
such that 1 to 20 parts by weight of the conductive agent is
added to 100 parts by weight nickel hydroxide contained in
the pulverulent active material. ¥hen the amount of the
conductive agent aned is less than I part by weight, it is
impossible to obtain a non-sintered nickel electrode in
which the utilization of active material is sufficiently
high. VYhen the amount of the conductive agent added is
greater than 20 parts by weight, a low electrode capacity
results from a small amount of nickel hydroxide with which
the non-sintered nickel electrode-is barely filled.

Grains mainly constituted by nickel hydroxide
preferably take the form of a solid solution of a foreign
element or elements in nickel hydroxide. Cobalt, zinc,
«cadmium, calcium, manganese and magnesium, which have an
inhibitory action against the swelling of the nickel
electrode, may be suitable for use as the aforesaid foreign
element or elements.

According to still another aspect of the invention,

there is provided a non-sintered nickel electrode for use in



conductive agent in accordance with the present invention range between 50
and 200 [errr]C. At tenperatures above or below this tenperature range, it
is inpossible to obtain a conductive agent having a high electric
conductivity. A conceivabl e reason therefor will be described

herei nafter. When cobalt hydroxide is-yged as an initial nmaterial, the
reaction path to be followed by the conductive agent in accordance with the

present invention is as follows: Co(OH)[err] HCDC{err]EQ&err] CoH(J err]

[err] cobal 8lkakpoens teormed att ewni ¢sof hespdmaifitent orefrr cehdiet4veaagent

in accordance with the present invention) An explanation for the difficulty

i n obt ai ni ngeaoBdf eileicdmodaountvhich sdsduattiidd zegeran raet hve anategnial

el ectric conductivity at tenperatures above or below the aforesaid

t enper at ur eifafije fetrwesf swrpRls2be partjiclesy quussivtindeobrovaivs of t he

followng: Wien the naterials are heated at tenperatures below 50 [err]C,

it is diffiBurkedo hydowxtide fonagratiage naislycsagstijutpdr by rcovked

conmpound cogt%ining Na) of the aforesaid reaction to proceed .

ydroxide, -each of which has a surface formed with an

electric conduction layer consisting of a cobalt compound
containing 0.1 to 10 % by weight sodium.

Grains mainly constituted by nickel hydroxide
preferably take the form of a solid solution of a foreign
element or elements in nickel hydroxide. Cobalt, zinc,
cadmium, calcium, manganese and magnesium, which have an
inhibitor& action against the swelling of the nickel

electrode, may be suitable for use as the aforesaid foreign
element or elements.

The chemical structure of the cobalt compound
containing Na, of which the electric conduction layer
consists, has not been established yet. In view of the fact
that the pulverulent active material used in the second
electrode has a high specific electric conductivity, it is
inferred that it is not a mere mixture of sodium and a
cobalt compound (such as cobalt oxyhydroxide) but a cobalt

‘compound having. a particular crystalline structure of which
a sodium atom or atoms are components. |

The pulverulent active material to be used in the

second electrode can, e.g., be produced by adding an aqueous

solution of sodium hydroxide to composite particles



sufficiently. The result is that a | arge anount of CoHJ err], which has a
| oner electric conductivity than the cobalt conpound containing Na, is
produced. Wen the naterials are heated at tenperatures above 200 [err]C,
a large anount of tricobalt tetroxide (Co[errJ]derr]) having a | ow el ectric
conductivity is produced. Normally it tgkes 0.5 to 10 hours for the

conductive agent in accordance with thé&'pgresent invention to be heated for
production, although the tine required for heating the sane varies with the
anount and concentration of the aqueous sol ution of sodi um hydroxide and

with the temgy s tiggaio fhiedinSeofiquéoke Is diydriowi dé endEUBLBSIIAG REY i s
heat ed. -9- According to another aspect of the invention, there is

provi ded a guastsitnis@obyi skeket! bpdroxidéoreacte of which ihrs sa osugkace
batteries (hereinafter referred to as a "first electrode"), in which the

af oresai d cfunsied i wt hgantoba lac comgaund liayte rt, hdypresding ihathbhtnse

added to a pulverulent active material consisting of grains of nickel
to 50 to 200 °C. The cobalt compound layer can, e.g., be
formed by pouring nickel hydroxide powder or particulate
matter mainly constituted by nickel hydroxide into an
aqueous solution of cobalt sulfate, by adding an aqueous
solution of sodium hydroxide, and by precipitating a cobalt
compound on the surfaces of grains of nickel hydroxide or
grains mainly constituted by nickel hydroxide.
Alternatively, a mechanical charging method may be used for
forming the cobalt compound layer on the surfaces of nickel
hydroxide powder or particulate matter mainly constituted by
nickel hydroxide, this method being characterized in that
cobalt oxide, cobalt hydroxide or cobalt as a simple
substance is fluxed with nickel hydroxide powder or
particulate matter mainly constituted by nickel hydroxide.
Yhile the aforesaid composite particles may be replaced by a
nixture of grains of nickel hydroxide or the particulate
matter mainly constituted Hy nickel hydroxide and the powder
~of cobalt hydroxide, cobalt monoxide or cobalt as a simple
substance, this mixture makes it difficult to form the
electric conduction layer, and the method using this mixture
is inferior both to the first mentioned method and to the

alternative method. The reason for heating the mixture fo

50 to 200 °C is that, at temperatures above or below this



hydi oxi de or grains nmainly constituted by nickel hydroxide such that 1 to
20 parts by weight of the conductive agent is added to 100 parts by wei ght
ni ckel hydroxide contained in the pulverulent active nmaterial. Wen the
amount of the conductive agent added is less than 1 part by weight, it is
| npossible to obtain a non-sintered nieft@~ el ectrode in which the
utilization of active material is sufficiently high. Wen the anount of the
conductive agent added is greater than 20 parts by weight, a |ow el ectrode
capacity rekemiperartanre s@aigeanddnti ©fd afdkiedu hfydtoxifdemian ediestt the
non-sintered nickel electrode is barely filled. .Gains mainly constituted
by nickel hyandix¢titopr éeareablhatiake ahkigbr mlefcta isolciomndad Uit ioky ods als
foreign elenment or elements in nickel hydroxide. Cobalt, zinc, cadm um
cal ci um neth@nesseand thadghssiafiprewatd nandust iivehiagiendr yi taca¢ eor daae st
the swelling of the nickel electrode, nmay be suitable for use as the,
af oresai d foithgbhel pmesendr igiwemthien. Actdkdimige,o ast ills theoterse akbbht of
the invention, there is provided a non-sintered nickel electrode for use in
the aforesaid conductive agent in accordance with the
present invention, it normally takes 0.5 to 10 hours for the
mixture used in the first mentioned method to be heated for
the production of the pulverulent active material to be
used in the second electrode, although the time required for
heating the same varies with the amount and concentration
of the aqueous solution of sodium hydroxide and with the
temperature at which the aqueous solution of sodium

hydroxide is heated.

The sodium content of the cobalt compound containing
sodium is confined in a range between 0.1 and 10 % by
veight. If the sodium content does not fall in this range,
it is impossible to form an electric conduction layer having
a sufficiently high electric conductivity, nor is it
possible to obtain a non-sintered nickel electrode in which
the utilization of active material is sufficiently high.

The active material utilized in the present invention
‘in the form of composite particles should preferably contain
1 to 10 % by weight cobalt compound containing sodium, this
percentage by weight being expressed in terms of cobalt

atoms. VYhen this percentage is less than 1 % by weight, an

insufficient electrode capacity results from an insufficient



-10: al kaline storage batteries (hereinafter referred to as a " second

el ectrode"”), which also utilizes an active material in the form of
conposite particles consisting of grains of nickel hydroxide or grains

mai nly constituted by nickel hydroxide, each of which has a surface forned
with an electric conduction |ayer consisting of a cobalt conpound
containing 0.1 to 10 % by wei ght sodi um=l@-ains nmainly constituted by

ni ckel hydroxide preferably take the formof a solid solution of a faqreign
el ement or degneeat-ofi dnprskeinentir bri dbe edesdinic gomduehiwi b odaltdieim
manganese and magnesi um_ whi ch have an inhibitory action against the

svel | ing ofa¢hbvei Bréprapdet r Jien e ianesabdepeseendatss Ish& &8s ai d
foreign elenent qr elenents., The chem cal structure_of the cobalt conpound
containimg$@@ﬂoﬂﬂMﬁchYtmgkﬁbﬁtracL&%@%éﬁﬁoﬁﬂ%&%ﬁlﬁéﬁﬁgn%,eﬁ$§dH%
been established_ yet. In viewof the facf_ that the p Ivgrulfné actime
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conductivity, it is inferred that [t _is not a mere m xture of sodiumand a
used as an active material.

Powder suitable for use as the active material to be
utilized in the present invention may bé the one having a
mean diameter of 3 to 20 u«m and a specific electric
conductivity of 1 X 10-% Q -'-.cm~! or more under the
condition that a pressure of 400 kgf/cm® is applied thereto.

Yhen the specific electric conductivity is lgss than 1 X
10-5 Q-1 ;cm", it is difficult to obtain a non-sintered
nickel electrode in which the u¥lization of active material
is sufficiently high. On the other hand, a low electrode
capacity results from the mean diameter of the powder
failing to fall in the range between 3 to 20u m. The
probable reason for the low electrode capacity caused by a
mean diameter of the powder failing to fall in the aforesaid
range is that the powder is secondarily coagulated to the
extent of making it difficult to fill the non-sintered
nickel electrode with the powder. The reason for the low
Telectrode capacity caused by a mean diameter of the powder
exceeding 20 pum is that a small area of contact of the
"active material in the form of grains resulté in a low

utilization of active material.

EXAMPLES



cobalt compound (such as cobalt oxyhydroxi de) but a cobalt conpound havi ng
a particular crystalline structure of which a sodiumatomor atons are
conponents. The pul verul ent active material to be used in the second

el ectrode can, e.g., be produced by addi ng an aqueous sol ution of sodi um
hydr oxi de to conposite particles consi sting of grains of nickel

hydr oxi de or grains mainly constituted'Bﬁ"nickel hydr oxi de, each of which
has a surface formed with a cobalt conpound | ayer, by heating the m xture

to 50 to Zﬁﬂllﬁ’ﬂﬂq The cobalt conpound | ayer can, e.g., be forned by

pouri ng ni | de powder or particulate matter mainly constituted by

ni ckel hydroxi der nps anpRaHEReS 3fleliredd ol ot det cun Vi el nag an

aqueous sol ution of- sodi um roxide, "an precipitating a cobalt
conpound o c fr O | @Xigde aQit iF A bt ePi A1 ¥
consti tut e?%ﬁﬁ\?gig? ﬁ?&?gﬁ@wi}%r@n{éﬂ(% 3?1@2 rrgchaani clal char gi ng

et hod 1y e ssieck 0t e 08 M 00KE Dee £EDBEOAESTRAYNGOLANE! ON the surfaces of

ni ckel hydr oxi powder or particulate nmatter nainly constituted by
Preparation of conductive agent

Cobalt hydroxide and 25 % by weight aqueous sodium
hydroxide solution were mixed with each other in 1 : 10
ratio by weight. The mixture was heated to 80°C, allowed to
stand for 8 hours at this temperature, washed with water,
and dried at 60°C. A cobalt compound containing sodium was
thus prepared. This cobalt compound was a conductive agent
in accordance with the present invention, the sodium content
of which was measured by an atomic absorption method and
was found to be 1 % by weight.

Preparation of non-sintered nickel electrode

In order to prepare the aforesaid first electrode in
accordance with another aspect of the invention, 100 parts
by weight of an active material consisting of nickel
hydroxide and 10 parts by weight of a conductive agent
consisting of the aforesaid cobalt compound containing
fodium vere fluxed with 20 parts by weight of a binding
agent consisting of 1 % by weight aqueous methyl cellulose
solution. A porous substrate consisting of a foamed metal
plated with nickel (having a porosity of 95 % and a mean
diameter of 200« m) was filled with paste obtained from the

aforesaid fluxing process. Then the paste was dried and



ni ckel hydroxide, this nethod being characterized in that cobalt oxide,
cobalt hydroxide or cobalt as a sinple substance is fluxed wi th nickel

hydr oxi de powder or particulate matter mainly constituted by nickel
hydroxi de. Wile the aforesaid conposite particles my be replaced by a

m xture of grains of nickel hydroxide or the particulate matter mainly
constituted by nickel hydroxide and the powder of cobalt hydroxi de, cobalt
nonoxi de or cobalt as a sinple substancelsthis m xture nmakes it difficult
to-formthe electric conduction |ayer, and the nmethod using this mxture is
inferior both to the first nmentioned nethod and to the alternative nethod.
The reason Sudrieeted nto teenprassientmoBbit®d 200 [err]Cis that, at

t enper atures above or below this -12- tenperature range, it is difficult
to forman el ectRiepanntiioni of alkaline\stRrageitpttatd8s i c conductivity as
Is the case with the aforesaid conductive agent, jn accordance w th . the

present inventiofl aljkehise skoragenbatiea¥nihh VAS AHRALREH LR ve

agent in accordance with the ) .
J consisted of the aforesaid non-sintered nickel electrode (as

a positive electrode), a prior art pasted plate made up of
cadmium (as a negative electrode) having a higher
electrochemical capacity than the positive electrode, a non-
wvoven web of polyamide fibers (as a separator), a 30 % by_
weight aqueous potassium hydroxide solution (as an alkaline
electrolyte), a metal housing and a metal cover.

Alkaline storage ba%teries A2 and A8 were also
prepared, which differed from the battery Al by the facts
that the conductive agent used in the battery A2 was 10
parts by weight of cobalt hydroxide in place of 10 parts by
weight of the aforesaid cobalt compound containing sodium
and that the conductive agent used in the battery A3 was 10

“parts by weight of graphite in place of 10 parts by weight
of the aforesaid cobalt compound containing sodium.

Utilization of active material in each of the non-

sintered nickel electrodes

-

Ten cycles of charge and discharge were carried out,
wvherein a cycle consisted of a charging process in which
each of the batteries Al to A3 was charged to the extent of
160 % at 25°C and with 0.1 C and a subsequent discharging
process in which each of the batteries Al to A3 was

discharged at 25 °C and with 1 C to such an extent that the



present invention, it normally takes 0.5 to 10 hours for the m xture used
in the first nmentioned nethod to be heated for the production of the
pul verul ent active material to be used in the second el ectrode, although
the tine required for heating the sane varies with the anpbunt and
concentration of the aqueous solution of gadium hydroxide and with the
tenperature at which the aqueous sol uti on of sodi um hydroxi de is heated.
The sodium content of the cobalt conpound containing sodiumis confined in
a range betyemnifhll wobitdge Ydbyppetdgbo. 1. 0V. t hRheoutibi zahient ofoastiye
fall in this range, it is inpossible to forman electric conduction_|ayer
havi ng a suidter&all yihiehchl edt rilre cpositive telectrodesi wasodownd ad
obtain a non-sintered nickel electrode in which the utilization of active
mat eri al i stlsef ftieqi £t ty dil gh. ifhebeinigvea sred efiizedit byi Adwe i AodHO BEBEent
i nvention in the formof conposite particles should preferably contain 1 to
10 % by weifgumebbal t conmpound contai ning sodium this percentage by wei ght
bei ng expressed in terns of cobalt atons. Wien _this percentage is |ess
than 1 % by weight, an insquFciéBVCeKe&BBéméhadeCﬂﬂﬁ results from an
I nsufficient

vhere D

utilization of active material in each of
the positive electrodes, %
B = milliampere-hours capacity of each of the
positive electrodes at the discharging process
of the tenth cycle, mAh
C = amount of nickel hydroxide, g
The results”are given.in Table I, wherein the
utilizations of active materials in the respective. positive
electrodes are indicated on the premise that the value of D

found with respect to the positive electrode of the battery

Al was 100.
TABLE I
Alkaline storage battery | Conductive agent D
Al Cobalt compound 100
containing sodium
A2 . Cobalt hydroxide 95
i A3 Graphite 87

Table 1 indicates that the utilizations of active
materials in the positive electrodes of the batteries A2 and
A3 were lower than that in the positive electrode of the

battery Al. This means that the conductive agent in



-13-" degree of inprovenent in the electric conductivity of the active
material. When the aforesaid percentage is greater than 10 % by wei ght, a

| i kewi se insufficient electrode capacity results froma snmall anmount of

ni ckel hydroxi de used as an active material. Powder suitable for use as the
active material to be utilized in the prgsent invention nay be the one
havi ng a nean di aneter of 3 to 20 [err] mand a specific electric
conductivity of 1 X 10[err] [err] . cnferr] or nore under the condition

that a pressecerdind@Owhah/ ehieehilesen Bpiv el tder@iid chVirkédet ispefo fi c
el ectric conductivity is less than 1 X 10[err] [err]. cnferr], it is

difficult tefobtaobal hocosbbuadecton tiehiglgecloddm) rhadi ahremarkably
utilization of active material is sufficiently high. On the other hand, a

| ow el ect rodeghapace le ofasiitt 8 ofrdue the inepnttaamdeba dft thiyed poxdde farl i ng
to fall in the range between 3 to 20[err] m The probable reason for the

| ow el ectrogleapdpiptety chtused soyf arndper difomiér thk t ke hdgderelecitimpet o

fall in the aforesaid range is that the powder is secondarily coagulated to

t he conductivity could be likewise obtained when a cobalt
compound containing sodium was made from cobalt as a simple
substance or cobalt oxide instead of being made from cobalt
hydroxide.

EXAKPLE 2

In this Example, the relationship between the sodium
contents of the cobalt compound containing sodium and the
utilizations of active materials in non-sintered nickel
electrodes was sought.

This Example differed from Example 1 by the fact that,
in preparing cobalt compounds having various sodium
contents, 25 % by weight aqueous sodium hydroxide solution
used in Example 1 was replaced by 5, 10, 15, 35, 40, 45 and
90 % by weight aqueous sodium hydroxide solutions. The
sodium contents of these cobalt compounds were measured by
an atomic absorption method and were found to be 0.05, 0.1,
\0.5. 5, 10, 12 and 15 % by weight respectively. Alkaline
storage batteries A4 to Al0 were prepared in a manner
similar to those in Example 1 except that the aforesaid
cobalt compounds containing sodium were used.

Then the batteries A4 to Al0 were subjected to 10

cycles of charge and discharge in the same manner as



extent of making it difficult to fill the non-sintered nickel electrode
with the powder. The reason for the | ow el ectrode capacity caused by a nean
di anet er of the powder exceeding 20 [err] mis that a small area of contact
of the active material in the formof grains results in a low utilization
of active material. EXAMPLES -14- EXANE%E | In this Exanple, the

rel ati onship between the kinds of conductive agents and the utilizations of
active materials in non-sintered nickel electrodes was sought. Preparation
of conduct i desggdhe dcdinalExanpdexi.de Aand 115 zptdone e igite Aat efod lumn
hydr oxi de solution were m xed with each other in 1 : 10 ratio by_weight,
The mi xt ur e edg Heht thet ¢ lspgbrodes masodoind statber dremthmocyslss @md
tenperature, washed with water, and dried at 60[err]C. A cobalt conpound

cont ai ni ng $8& uralakionsbipr bpdveen Tthies ssuliin eonbenhs wds thecsahadt ve

agent compound containing sodium and the wtilization of active
material was sought. The results are given in Fig. 1. The
utilizations of active materials in the respective positive |
electrodes are plotted in Fig. 1 on an ordinate against the
sodium contents of a cobalt compound containing sodium on an
abscissa. Fig. 1 furthér includes data on the battery Al
obtained from Example 1. On the ordinate of Fig. 1, the
utilizations of active materials in the respective positive
electrodes are indicafed on fhe premise that the value of-D
found with respect to the positive electrode of the battery
Al was 100.

It is noted from Fig. 1 fhat, in view of the fact that

the utilizations of active materials in the batteries Al and
A5 to A8 are especially high, the cobalt compound (used as
a conductive agent in accordance with the present invention)
has an especially high electric conductivity when it
contains 0.1 to 10 % by weight sodium. |
EXAMPLE 3

In this Example, the relationships between the
utilizations of active materials in non-sintered nickel
electrodes and the amounts of the cobalt compound (used as a
conductive agént in accordance with the present invention)

added to nickel hydroxide and between the electrode capacity



I n &ccordance with the present invention, the sodium content of which was
measured by an atom c absorption nethod and was found to be 1 % by wei ght.
Preparati on of non-sintered nickel electrode In order to prepare the
aforesaid first electrode in accordance with another aspect of the

i nvention, 100 parts by weight of an act{ye material consisting of nickel
hydr oxi de and 10 parts by wei ght of a conductive agent consisting of the
af oresai d cobalt conpound contai ni ng sodiumwere fluxed with 20 parts by

wei ght of a3 PUNGIHY 3¢YYe §87Y HhHEnts oo ?xewqum@oﬁﬁﬂhwere

cel lul ose solution. A porous substrate consisting of a foaned netal plated
wi th nickel 6@§Htﬂ9 a porosity of 95 % and a nean di aneter of 200gn) was
filled mﬁth paste obtained fromthe aforesaid fluxing process. Then the

o o o, IS RPRPLE TS v omragsion o) g tReenonat, o)

whi ch in preparing non-sintered nickel electrodes, 10 parts by
weight cobalt compound containing sodium (used as a
conductive agent in accordance with the present invention)
added to 100 parts by weight nickel hydroxide was replaced
by 0.5, 1, 6, 15, 20, 22.5 and 25 parts by weight cobalt
compound containing 1 % by weight sodium. Alkaline storage
batteries All to Al17 were prepared in a manner similar to
those in Example ] except thgt the aforesaid non-sintered
nickel electrodes were used.

Then the batteries All to AlT were subjected to 10
cycles of charge and discharge in the same manner as
described in Example 1. A utilization of active material in
each of the electrodes was found at the tenth cycle, and
the relationship between the amouhts of the cobalt compound
containing sodium added to nickel hydroxide and the

utilization of active material was sought. The results are

given in Table @I, which further includes data on the

battery Al obtained from Example 1.



consi sted of the aforesaid non-sintered nickel electrode (as a positive

el ectrode), a prior art pasted plate nade up of cadmum (as a negative

el ect.rode) having a higher el ectrochem cal capacity than the positive

el ectrode, a non- woven web of polyanm de fibers (as a separator), a 30 % by
wei ght aqueous pot assi um hydroxi de solution (as an al kaline electrolyte), a
nmetal housing and a netal cover. Al kal i4pp-storage batteries A2 and A3 were
al so prepared, which differed fromthe battery Al by the facts that the
conductive agent used in the battery s {10 parts by weight of cobalt
hydr oxi de in place of 10 parts by meigﬁpwgf he af oresaid cobalt conpound
containing sodium and that the conductive aggnt used in the battery A3 was

ot AT, By t&% T e
di scha S e n 0 out &?ri COI¥SI Stlgé% ?icg rgr gg SPECGSS

i C
di scharge wgre carried out, g
K VﬁSLhMGedtQLhPPmintnf1”0@6

i n which ead
at 25[err]C a subsequent %t%charglng process igy Whi ch
was

each of the

A12 1 97
A13 | 5 | 99
Al 10 100
Al4 15 100
A15 20 | 100
Al6 | 22.5 . : 100

ALT 25 100




di scharged at 25 [err]C and with 1 C to such an extent that the -16-
termnal voltage dropped to 1.0V. The utilization of active material in
each of the positive electrodes was found at the tenth cycle, it being as
defined by the following fornula: D = B/C X-288(nmAh)) x 100 where D =
utilization of active material in each of the positive el ectrodes, % B=

m || i anpere-hours capacity of each OfJQTa p05|t|ve el ectrodes at the
di scharging process of the tenth cycle, C = anount of nickel hydroxide,

Tater i ars in thetPaLsec e fRafeitss %Lf @a&geéﬁ%' | ERATE g, e

PL:me?tters‘ENt’h Ui Sint, Ul 1 fle" S n 120481 RY 10NN rRFe Of
weight nickel hydroxide makes it possible to obtain a non-
sintered nickel electrode in which the utilization of active
material is high. _
| In Fig. 2, the ampere-hours capacity of each battery is
plotted on an ordinate against the amounts of the cobalt
compound containing sodium added to nickel hydroxide on an
abscissa, on which the amounts of the cobalt compound vere
expressed in parts by weight added to 100 parts by weight
nickel hydroxide. Fig. 2 further includes data on.the
battery Al obtaine& from Example 1. On the ordinate of Fig.
92, the ampere-hours capacities of the batteries are
indicated on the premise that the ampere-hours capacity of
the battery Al was 100.

It is noted from Fig. 2 that, in view of the fact that
the batteries Al and Al2 to Ald héve especially high ampere-
hours capacities, the non-sintered nickel electrode (used as
an electrode in acéordance with the present invention) has
an especially high electrode capacity when 1 to 20 parts by

_weight cobalt compound containing sodium is added to 100
parts by weight nickel hydroxide.
EXAKPLE 4

In this Example, the relationship between the
temperatures at which the cobalt compound containing sodium

for use as the conductive agent in accordance with the



Al kal i ne storage battery Conductive agent D A Cobal t
conpound 100 contai ni ng sodi um A2 Cobal t hydr oxi de 95

A3 Graphite . 87 Tabl e | indicates that the
utilizations of active materials in the positive electrodes of the
batteries A2 and A3 were |ower than that23d-n the positive el ectrode of the
battery Al. This neans that the conductive agent in -17- accordance with
the present invention (which takes the formof a cobalt conmpound contai ni ng

or o apni « BrEseRE G PR FpsChBe SRS A1 ATEORCOR, B Coul o

_ _ _ a llectric conductivity could
cobal  as B EPRERE g o A R R e e Trom
cobal t hydrOXidThi§%49fgﬁbfe differed from Example 1 by the fact that,

in preparing cobalt compounds containing sodium, the mixture

of materials was heated to 45°C, 50°C, 60°C, 100 °C, 150 °C

, 200 °C, 220 °C and 250°C instead of being heated to 80°C.

The sodium contents of these cobalt compounds were measured

by an atomic absorption method and were found to be 0.05,

1, 1, 1, 1, 1, 0.05 and 0.02 % by weight respectively.

Alkaline storage batteries Al8 to A25 were prepared in a

manner similar to those in Example 1 except that the

aforesaid cobalt compounds containiné sodium were used.

Then the batteries A18 to A25 were subjected to 10
cycles of charge and discharge in the same manner as
described in Example 1. A utilization of active material in
each of the positive electrodes wés found at the tenth
cycle, and the relationship bet%een the temperatures at
which the cobalt compound containing sodium for use as the
conductive agent in accordance with the present invention
were heated and the utilization of active material vas
sought. The results are given in Fig. 3. The utilizations
of active materials in the respective positive electrodes
are plotted in Fig. 3 on an ordinate against the aforesaid
temperatures (°C) on an abscissa. Fig. 3 further includes
data on the battery Al obtained from Example 1. On the

ordinate of Fig. 8, the utilizations of active materials in



In t'his Exanple, the relationship between the sodiumcontents of the cobalt
conpound contai ni ng sodiumand the utilizations of active materials in
non-sintered nickel el ectrodes was sought. This Exanple differed from
Exanple 1 by the fact that, in preparing cobalt conmpounds havi ng vari ous
sodi um contents, 25 % by wei ght aqueous sodi um hydroxi de sol ution used in
Exanple 1 was replaced by 5, 10, 15, 35, 40, 45 and 50 % by wei ght agueous
sodi um hydroxi de sol utions. The sodiupggcontents of these cobalt conpounds
were neasured by an atom c absorption nethod and were found to be 0. 05, O.
1 0. 5 5 10, 12 and 15 % by wei ght respectiyvely. Al kal. ne, storage
batteries AM&oras@afktLYpr F9sickive alggtiades Rrar 15‘3%%&%di PIELRSI e 1

except that the,aforesaid cobalt conmpoynds containi, sodi um were usgd.
Then the bRIeRiEL Aﬁﬁﬁé Aﬁ@emﬁﬂé%b?gcgeéﬁqw o¥ ek 8P &hhr 50 aﬁlje

di scharge in the sane, mapner, as descrj bed |nh Exa 1. A utilization of
active mat R98Itive alechrodacof Eh?r%{ege%skfomnﬁd the tenth cycle, and

It is noted from Fig. 8 that, in view of the fact that
the utilizations of active materials in the batteries Al and
Al9 to A23 are especially high, the cobalt compound (used
as a conductive agent in accordance with the present
invention) has an especially high electric conductivity when
the mixture of materials is heated to 50 to 200°C.

It was found that, in order to obtain a non-sintered
‘nickel electrode im- which the utilization of active material
is high, nickel hydroxide per se used as the active
material in the aforesaid Examples may be replaced by a
solid solution of cobalt, zinc, cadmium, calcium, manganese
or magnesium in nmickel hydroxide under the condition that a
prescribed amount of the conductive agent in accordance with

the present invention is added thereto.

EXAMPLE 5

In this Example, the relationship between the kinds of
electric conduétion layers formed on the surfaces of grains
of an active material and the utilizations of active
materials in non-sintered nickel electrodes was sought.

Preliminary test

Cobalt hydroxide was'mixed with 5, 10, 15, 25, 35, 40,
45 and 50 % by weight aqueous sodium hydroxide solutions

respectively in 1 : 10 ratio by weight. The mixtures were



the 'rel ati onshi p between the sodi um contents of the cobalt conpound

contai ning sodiumand the utilization of active material was sought. The
results are given in Fig. 1. The utilizations of active materials in the
respective positive electrodes are plotted in Fig. 1 on an ordinate agai nst
the sodium contents of a cobalt conmpound containing sodium on an absci ssa.
Fig. 1 further includes data on the battery Al obtained from Exanple 1. On
the ordinate of Fig. 1, the utilizatiomn4df active materials in the
respective positive electrodes are indicated on the prem se that the val ue
of D found welaht ¢ @SReCtS DOCt,heapavédetel actande fafr tehbatter g tAl thas
100. It is noted fromFig. 1 that, in view of the fact that the

utilizati ongetipeacitute, "o £5hals viinht ke teat, t emdesdvi edaradt A0 (0. ASCabalt
especially high, the cobalt conpound (used as a conductive agent in
accordance wokipotunel soremets i hiugnsiodiushase ren Hapegepar éd ghtkeesodian
conductivity when it contains 0.1 to 10 % by wei ght sodium EXAMPLE 3 In

t hi s Exanpl epnttren t &l offi avishé ps weatavasea s tieedt ibly zat i ohendt adxsorption
materials in non-sintered nickel electrodes and the amounts of the cobalt
compound (umedthads and were found to be 0.05, 0.1, 0.5, 1, 5, 10, 12 and

15 ¥ by weight respectively. Various sodium contents of
cobalt compounds containing sodium which will appear
hereinafter are estimated values based on the results of the

aforesaid preliminary test and on the concentrations of

aqueous sodium hydroxide solutions used.

Preparation of non-sintered nickel electrode

To 1,000 ml aqueous cobalt sulfate solution containing
13.1 g of cobalt sulfate, 100 g nickel hydroxide powder were
added. Then, while this solution was stirred, 1 M aqueous
sodium hydroxide solution was admitted until the pH of the
first mentioned solution assupmed a value of 11. The
solution continued to be stirred. Yhen the pH of the
solution slightly decreased, an appropriate amount of 1 K
aqueous sodium hydroxide solution was further admitted so
that the pH of the first mentioned solution might be
maintained at 11. The reaction was allowed to proceed for
an hour. A glass electrode adapted for automatic focusing
vas used for monitoring the pH. Then the precipitate was
filtered and washed with water. Powder obtained therefrom
was in the form of composite particles consisting of grains

of nickel hydroxide, each of which had a surface coated with



conductive agent in accordance with the present invention) added to nickel
hydr oxi de and between the el ectrode capacity -19- and the aforesaid
anoupts of the cobalt conmpound were sought. This Exanple differed from
Exanple 1 by the fact that, in preparing non-sintered nickel electrodes,
parts by wei ght cobalt conpound containing sodium (used as a conductive
agent in accordance with the present inwaation) added to 100 parts by
wei ght ni ckel " hydroxi de was replaced by 0.5, 1, 5, 15, 20, 22.5 and 25

parts by weight cobalt conpound containing 1 % by wei ght sodium Al kaline

10

storage bat¢ebadst Aiydro xldever ipi sppoadié n wnasamiexedi wiilth 256 thdse in
Exanpl e 1 except that the aforesaid non-sintered nickel electrodes were

used. Then wéighht 4 gueoasAsiodianAhy daend deulsjodattdon dmd cydksratiehbyge
and di scharge in the sane manner as described in Exa

nple 1. A utilization

of active meighél i Theaahinturbevalsedieadal tms8 Ciindadlovied tlentstayd) e,

and

for 8 hours at this temperature, washed with water, and
dried at 60°C. A pulverulent active material obtained
therefrom was in the form of composite particles consisting
of grains of nickel hydroxide, each of which had a surface
formed with an‘electric conduction layer consisting of a
cobalt compound containing sodium. The cobalt compound
content of these composite particles was measured by an
atomic absorption gethod and wvas found to_be 5 ¥ by weight
in terms of cobalt atoms. The sodium content of the cobalt
compound was assumed to be 1 ¥ by weight (on the basis of
the results of the aforesaid preliminary test).

In order to prepare the aforesaid second electrode X1
in accordance with still another aspect of the invention,
100 parts by weight of the aforesaid pulverulent active
material C(having a mean diameter of 10 xm) wvas fluxed with
20 parts by weight of a binding agent consisting of 1 % by
weight aqueous methyl cellulose solution. A foamed metal
plated with nickel (having a porosity of 95 % and a mean
diameter of 200 u#m) was filled with paste obtained from the
aforesaid fluxing process. Then the paste was dried and
subjected to compression molding.

Another non-sintered nickel electrode Y1 (to be used as

a control electrode) was prepared in a manner similar to



the rel ati onship between the anmounts of the cobalt conpound contai ning
sodi um added to nickel hydroxide and the utilization of active materi al

was

sought. The results are given in Table Il , which further includes data on
the battery Al obtained from Exanple 1. -20- TABLE Il Al kaline storage
Parts by wei ght cobalt com D battery pound
contai ni ng sodi um added to 100 parts by _wgight nickel hydroxide A

0.5 80 Al2 1 -

7 Al . . ’

20 3 the preparatigm g, the aé%resald second electro%% fﬁ except

100 Al5 . 20  en s . 100 Al .
52 5 that 8 ¥ by gweight aqueous lithium hydroxlég soPution
100

(saturated) was used in place of 25 % by weight aqueous
sodium hydroxide solution in obtaining the pulverulent
active material. _
Still another non-sintered nickel electrode Y2 (to be
used as a control electrode) vas prepared in a manner
similar to the preparation of the aforesaid second electrode
X1 except that 25 % by weight aqueous potassium hydroxide

solution was used in place of 25 % by weight aqueous sodium

‘hydroxide solution in obtaining the pulverulent active

L3

material.

Yet still another non-sintered nickel electrode Y3 (to
be used as a control electrode) was prepared in a manner
similar to the preparation of the aforesaid second electrode
X1 except that the powder obtained in the form of composite
particles during the course of ;btaining the pulverulent
active material for the preparation of the second electrode
X1 was used, without further treatment, as a pulverulent
active material for the preparation of this electrode Y3.

Further non-sintered nickel electrode Y4 (to be used as
a control electrode) was prepared in a manner similar to
the preparation of the aforesaid second electrode X1 except
that the pulverulent active material used was different from
that used in the second electrode X1 by the fact that the

aforesaid powder obtained in the form of composite particles



Tabl'e I'l indicates that nore than 1 part by weight cobalt conpound
cont ai ni ng sodi um added to 100 parts by wei ght nickel hydroxide nakes it
possible to obtain a non- sintered nickel electrode in which the
utilization of active material is high. In Fig. 2, the anpere-hours
capacity of each battery is plotted on an ordi nate agai nst the amounts of
t he cobalt conpound contai ni ng sodi um added to ni ckel hydroxi de on an
absci ssa, on which the anmounts of the cobalt conpound were expressed in

Fur ther i not fae&1daee B ey Q8k ool AF BihynaB SRR ENRHE 1Y Rogra
riher incl Bdes 5 LG
ndi ogt e b FRY18e..S CLEFRERPRATEY SR 'C CSol Khtl SO (RO de

was 100. |tAfg,1smga>tA §§ Etgg?f@r@-ac% WFleadn phirgW gfeah@@hfta% bRaHikB] and

. ¢
batteries and have especial l'y hig npere- hours capacities,

t he non-si n&gﬁegrqie(akeil %e%t ngg{)ﬁused as an electrode in accordance with
t he present |nvention)1has )

Preparation of Ni-Cd battery

Alkaline storage batteries of the size AA were
prepared, each of which included each of the aforesaid non-
sintered nickel electrodes (as a positive electrode), a
prior art pasted plate made up of cadmium (as a negative
electrode) having a higher electrochemical capacity than the
positive electrode, a non-woven veb of polyamide fibers (as
a separator), apa a 30 ¥ by weight aqueous potassium
hydroxide solution (as an alkaline electrolyte).

Specific electric conductivity & of each pulverulent

active material

The specific electric conductivities & of the
pulverulent active materials uéed respectively for the
second electrode X1 and the control electrodes Y1 to Y4 were
measured. Fig. 4 is a fragmentary sectional view of an
apparatus M used for measuring the same. The apparatus K
includes a ram la positioned adjacent to tgé upper surface
of a support member 1b and reciprocatable normal thereto so
as to press jigs 2 and 3, each of which is a disk-like plate
having a cylindrical portion of lesser diameter protruding

therefrom so as to be of substantially T-shaped cross-

section. A tubular member 4 lined with a layer of an



an especially high electrode capacity when 1 to 20 parts by wei ght cobalt
conpound containing sodiumis added to 100 parts by wei ght nickel

hydr oxi de. EXAMPLE 4 In this Exanple, the rel ationship between the
tenperatures at which the cobalt conpound contai ning sodiumfor use as the
conductive agent in accordance with the _,o-22- present invention was
heated and the utilization of active material in non-sintered nickel

el ectrodes was sought. This Exanple differed from Exanple 1 by the fact

e oL P e PRSI R G 1 Byl
Lo ] 01 dfpaiche W Ferl ] Covwoncen LG e 9
oL, Sus TRV o = v pundndp BRaCofend chbiiadadgyfeld o
prepared i iy f@MIEE i HisE | e L PebRBReral" FPFHEE Spdr EX68P 1 Nile t g 3.
The inner cylindrical surface of the tubular member 4 and
the upper and lower surfaces of the cylindrical portions of
the jigs 3 and 2 respectively form a cavity in which a
sample S (in the form of a pulverulent active material) is
placed. The cylindrical portion of the jig 2 abuts on the
upper part of the inner cylindrical surface of the tubular
menber 4. The ram la and the support member 1b engage the
jigs 2 and 3 respéctively. Pressure is applied to the
sanple S at a prescribed intensity through the jigs 2 and 3,
to which the ohm-meter 5 is connected and adapted to
measure the resistance R of the sample S, for which purpose
1 g of the sample S was placed in the apparatus ¥ and
underwent a pressure of 400 kgf/cﬁz. The specific electric
conductivities x calculated in Q'+ cmn~! from the
following formula are given in Table II:
£ = L/(h - R)

distance from the lower surface of the cylindri-

¥here L
cal portion of the jig 2 to the upper surface of
the cylindrical portion of the jig 3
A = area of the aforesaid upper or lower surface
The pulverulent active material used in the control

electrode Y3 had a high resistance R such that it was



af orresai d cobalt conpounds containing sodiumwere used. Then the batteries
Al8 to A25 were subjected to 10 cycles of charge and discharge in the sane
manner as described in Exanple 1. A utilization of active material in each
of the positive electrodes was found at the tenth cycle, and the

rel ati onshi p between the tenperatures at which the cobalt conpound
contai ni ng sodium for use as the conductiyve agent in accordance with the
present invention were heated and the utidizati on of active material was
sought. The results are given in Fig. 3. The utilizations of active
material s | mpdesilebpets i Fendoshe i ypeeliitrotlestaie edmduetivityFi g 3imn an
ordi nate agai nst the aforesaid tenperatures ([err]C) on an abscissa. Fig.
3 further irpé uflesmdefaaonutmes ivdl evylde. obtai ned from Exanple 1. On the.
ordinate of Fig. 3, the utilizations of active materials in -23- the
respective positUtd lel zst i odeo farec t hdiecataste vha i hé npreavitseof hih et mOwVal ue
of D found with respect to the positive electrode of the battery Al was
100. jintered nickel electrodes

Ten cycles of charge and discharge were carried out,
therein a cycle consisted of a charging process in which
esach of the batteries was chargéd to the extent of 160 % at
25 C and with 0.1 C and a subsequent discharging process in
which each of the batteries was diséharged at 25°C and with
1 C to such an extent that the terminal voltage dropped'to
1.0V. A utilization of active material in each of the non-
sintered nickel electrodes was found at the tenth cycle, the
utilization of active material being as defined by the
following formula:

D

|

{B/C X 288(mAh/g)} x 100

utilization of active mgterial in each of

f

vhere D
the non-sintered nickel electrodes, %
B = milliampere-hours capacity of each of the
positive electrodes at the discharging process
of the tenth cycle, mAh
- C = amount of nickel hydroxide contained in the
pulverulent active material, g
The results are given in Table I, wherein the
utilizations of active materials in the respective non-
sintered nickel electrodes are indicated on the premise that

the value of D found with respect to the second electrode



It is noted fromFig. 3 that, in view of the fact that the utilizations of
active materials in the batteries Al and Al9 to A23 are especially high,

t he cobalt conpound (used as a conductive agent in accordance with the
present invention) has an especially high electric conductivity when the

m xture of materials is heated to 50 to 200[err]C. It was found that, in
order to obtain a non-sintered nickel elegirode in which the utilization of
active material is high, nickel hydroxide per se used as the active
material inyyhgg fqnﬁpaid Exanpl es may be replaced by a solid solution of
cobalt, zinc, cadmi'um’ cal cium nanganese or magnesi umin nickel hydroxide
under the condition that a prescribed amount of the conductive agent in
accordance with the present invention is added thereto. EXAMPLE 5 In this
Exanpl e, the relationship between the kinds of electric conduction |ayers
formed on the surfaces of grains of an active material and the utilizations
of active materials in non-sintered nickel electrodes was sought.
Prelimnary test Cobalt hydroxide was mxed with 5, 10, 15, 25, 35, 40, 45
and 50 % by wei ght aqueous sodi um hydr oxi de sol utions



respectively in 1 : 10 ratio by weight. The mxtures were -24- heated
to 80[err]C, allowed to stand for 8 hours at this tenperature, washed with
wat er.,, and dried at 60[err]C. Cobalt conpounds containing sodi umwere thus
prepared, the sodium contents of which were nmeasured by an atom c
absorption nmethod and were found to be 0.05, 0.1. 0. 5, 1, 5, 10, 12 and 15
% by . wei ght respectively. Various sodiugbggntents of cobalt conpounds
cont ai ni ng sodi um which wi |l appear hereinafter are estinated val ues based
on the results of the aforesaid prelimnary test and on the concentrations
of aqueous sodi um hydroxi de sol uti ons used. Preparation of non-sintered

ni ckel electrode To 1, 0QQm _agueous.cobalt sulfate solution containing
13.1 g of cobalt sulfate} 100 g rji ckel daydirpxisle powger were added. Then,
while this solution was $B rred, |1 & adlfeo®s &diBm Hydr oxi de sol ution was
admtted until the pH of{the firgt nmentioned sol utiorf assuned a val ue of
11. The sol ution conti1Q§d’to Je sStirred. Vihen tHe pH of the
i
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solution slightly decreased, an appropriate anount of 1 M aqueous sodi um
hydr oxi de sol ution was further admtted so that the pH of the first’
ment i oned sol ution m ght be nmaintained at 11. The reaction was allowed to
proceed for an hour. A glass electrode adapted for automatic focusing was
used for nonitoring the pH Then the precjpitate was filtered and washed
wth water. Powder obtained therefromwas I1n the formof conposite
particles consisting of grains of nickel hydroxide, each of which had a

surface coated wt -25-, cobalt hydroxi de. Thi s, pgwde s, mxed,wth
25 % by wei ght \QA&ﬁEéﬁs Jﬁdilﬁlﬁlr%ﬁftﬁdﬂ@fsolhﬁqwq o8 "the facf; Bﬁ%i a}éﬁght.
The m xture s heated to 80[err]C, allowed to stand fonﬂ? hfurf aé tRis

t enper at ur ePUHRERBAEHEt BCldVe makerial ased o[the |second ki¢etnrda; Al
active material obtained therefrgn1m§s in the form of, conposit art'ﬁles
consi sting B#dgRailiEbernisPeshyar sliedd r bachosfugdioH had & ?%ct e
formed with aﬂyeleftrlc cgnduction | ayer coqflfﬁl{“%(ﬂ= a,_ copal cgggaund

cont ai ni ng B4V ERP1entna A he use control elec es
Yl to Y4, the former was made available in a higher degree
than the latter.

EXANPLE 6

In this Example, the relationship between the sodium
contents of the cobalt compound forming the electric
conduction layer and the utilizations of active materials in
.non-sintered nickel electrodes was sought.

This Example éiffered from Example 1 by the fact that,
in preparing cobalt compounds containing sodium, cobalt.
hydroxide and 5, 10, 15, 35, 40, 45 or 50 ¥ by weight
aqueous sodium hydroxide solution were mixed with each
other. The sodium contents pf the cobalt compounds
obtained from this mixture'were'0.05, 0.1, 0.5, 5, 10, 12
and 15 % by weight. Non-sintered nickel electrodes A to G
were prepared in a manner similar to the preparation of the
aforesaid second electrode X1 except that the cobalt
.compounds obtained from the aforesaid mixture were used.
Then, alkaline storage batteries incorporating these
electrodes a to e and X1 were prepared.

Then the batteries were subjected to 10 cycles of
charge and discharge in the same manner as described above.

A utilization of active material in each of the non-



cont'ent of these conposite particles was neasured by an atom c absorption
nmet hod and was found to be 5 % by weight in terns of cobalt atons. The
sodi um content of the cobalt conpound was assuned to be 1 % by wei ght (on
the basis of the results of the aforesaid prelimnary test). In order to
prepare the aforesaid second electrode X1 in accordance with still another
aspect of the invention, 100 parts by weight of the aforesaid pul verul ent
active material (having a mean di aneter38f 10 [err]n) was fluxed with 20
parts by weight of a binding agent consisting of 1 % by wei ght aqueous
net hyl cel luiinskeresbini¢cloal ebe€bnodes measl foundcait wihé tenklel cYobei ind
porosity of 95 % and a nmean dianeter of 200[err]m was filled with paste
obt ai ned f ridis trelatdessdiip tabuwern ptheecsediumheantra tsasle thes epbhabt and
subj ected to conpression nolding. Another non-sintered nickel electrode Y
(to be usedempausdnioan teisingosddime prdpdhed uti i zahben gifniackive -
-26- the preparation of the aforesaid second el ectrode X1 except

material was found. The results are given in Table IV and

Fig. 5. The utilizations of active materials in the
respective non-sintered nickel electrodes are plotted in
Fig. 5 on an ordinate against the sodium contents of a
cobalt compound containing sodium on an abscissa. Fig. &
further includes data on the second electrode X1 (containing
1 % by weight sodium). On the ordinate of Fig. 5, the
utilizations of aﬁtive materials in the respective non-
sintered nickel electrodes are indicated on the premise that

the value of D found with respect to the second electrode
X1 was 100.



that” 8 % by wei ght aqueous |ithium hydroxide solution (saturated) was used
in place of 25 % by wei ght aqueous sodi um hydr oxi de sol ution in obtaining
the pul verulent active material. Still another non-sintered nickel

el ectrode Y2 (to be used as a control electrode) was prepared in a nanner
simlar to the preparation of the aforesaid second el ectrode X1 except that
25 % by wei ght aqueous potassi um hydroxi de sol uti on was used in place of 25
% by wei ght aqueous sodi um hydroxi de sei3dti on in obtaining the pul verul ent
active material. Yet still another non-sintered nickel electrode Y3 (to be
used as a control electrode) was prepared in a manner simlar to the

preparation of the affpresard segond el ectrode XI except that | he powder
obtained in the formpf conposi .eﬁarmclces dur ong e heocogr se| of obt ai ni ng
the pul verul ent activigmmaterial|fdP tRe Fed@ralB o of®t h® sefond el ectrode
X1 was used, w thout pHther—tp ; - e materi al
for the preparation of ©this eleftrode Y3. Further non-sinterefl ni ckel
el ectrode Y4 (to be used as a cpntrol electrode) was prepared{in a manner
simlar to the preparﬁ& on of the aforesaid second el ectrode K1 except
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t hat- the pul verul ent active material used was different fromthat used in
the second el ectrode X1 by the fact that the aforesaid powder obtained in
the form of conposite particles -27- was allowed to react on 30 % by

wei ght aqueous hydrogen peroxi de solution heated to 40[err]C so that cobalt
hydr oxi de fornmed on the surface of eaciBfrarticle m ght be oxidi zed and .
converted into [err] -CoOOH Preparation of Ni-Cd battery Al kaline storage

afor osai d non- STADSFed T kel B Bot polBdicas e Poaf i EObPLE Fodposid | -

B hi ghor e Gt FOchEnRBaP LEGHAAL: FORAHA ARG Sasan & an torndte 0-od i Thven
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electric copdugtd YolY d LK e F2E T YU ¥ E Flh £CAhVRIPEE A 1y nhigh
utilization of active material.

EXANPLE 7

In this Example, the relationships between the
utilizations of active materials in non-sintered nickel
electrodes and the percentages of cobalt compounds (used as
electric conduction layers) contained in the composite
particles and between the electrode capacities and the
aforesaid percentages were sought. -

In a manner similar to the preparation of the
pulverulent active material for the second electrode Xl
except that the aqueous cobalt sulfate solution had a
different concentration, pulverulent active materials were
prepared in the form of composite:particles containing 0.5,
1, 10, 12 and 15 % by weight cobalt compounds (used as
electric conduction layers) respectively in terms of cobalt
atoms. The sodium contents of the cobalt compounds
contained in the pulverulent active materials were adjusted
to 1 % by weight. Non-sintered nickel electrodes a to e
vere prepared in a manner similar to the preparation of the
aforesaid second electrode X1 except that the aforesaid
pulverulent active materials were used. Then, alkaline

storage'batteries incorporating these electrodes a to e and



The specific electric conductivities [err] of the pul verul ent active
materi als used respectively for the second el ectrode X1 and the control
el ectrodes Y1 to Y4 were neasured. Fig. 4 is a fragnentary sectional view
of an apparatus Mused for neasuring the sane. The apparatus Mincl udes a
ramla positioned adjacent to the upper surface of a support nenber Ib and
reci procatable nornal thereto so as t635ress jigs 2 and 3, each of which is
a disk-like plate having a cylindrical portion of |esser dianeter
protrudi ng Kheweteoprepaagdto be of substantially T-shaped cross- section.
A tubular nenber 4 lined with a |ayer of an -28- insulating material is
i nter posed betweethéhe tii@sb@tdrd Bes The rappsu bf es td uto héld icyod Leles odn
ohmnmeter 5 and an insulating plate 6. The |ower end of the tubular nenber
4 abuts agathargehenderdizchraatgd | angeheosanennafineheasi deScribedi nbeve.
cylindrical surface of the tubular nmenber 4 and the upper and | ower
surfaces of At et Cyliizadtioal gbréicdnsvef maheeriagd A rndazhl esPedthierengnf-or m
a cavity in which a

sintered nickel electrodes was found at the tenth cycle, and

the relationship between the utilizations of active
materials in non-sintered nickel electrodes-and the
percentages of cobalt compounds contained in the composite
particles was sought. The results are given in Table V.,
vhich also indicates data on the second electrode Xl
(containing 5 ¥ by weight cobalt compound). In Table V,
the utilizations 6f active materials in the respective
electrodes are indicated on the premise that the value of D

found with respect to the second electrode X1 was 100.



sanple S (in the formof a pulverulent acti-ve material) is placed. The
cylindrical portion of the jig 2 abuts on the upper part of the inner
cylindrical surface of the tubular nmenber 4. The ram la and the support
menber | b engage the jigs 2 and 3 respectively. Pressure is applied to
the sanple S at a prescribed intensity_%ylough the jigs 2 and 3, to which
the ohmneter 5 is connected and adapted to neasure the resistance R of the
sanple S, for which purpose 1 g of the sanple S was placed in the apparatus
M and underwent a pressure of 400 kgf/cnferr]. The specific electric
conductivities [err] <calculated in [err]. cnferr] fromthe foll ow ng

formula are given in TIbLe——+++?— - L = distance from
the |ower surface of the cylindril- cal 8tioré,i op, o, the jilg 2 to the upper
surface of the cylindrifeal portiqn e tdhe igg_B R =Qregq of the aforesaid
upper or |ower surface{The pul verjulent active pmaterial _igsed in the control
el ectrode Y3 had a high &esistande R such that it was
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-29-"inpossible to find the specific electric conductivity [err] in the
formof a nunmerical value. Uilization of active material in each of the
non- .sintered nickel electrodes Ten cycles of charge and di scharge were
carried out, wherein a cycle consisted of a charging process in which each
of the batteries was charged to the extent of 160 %at 25 [err]C and with
0. 1 C and a subsequent di scharging process in which each of the batteries
was di scharged at 25[err]C and with 1 Ct¥P3uch an extent that the termna
voltage dropped to 1.0V. A utilization of active material in each of the
non- sintered ni dedlel eVt rimbiscates fthat! conpdei tempdr ticles aintaining
utilization of active nmaterial being as defined by the following formula: D
= {B/ C X 284(abw)RekghOOcobel ¢ Bompounidiszaaken idf pastsihbd erdtcerdbdiaim aach
of the non-sintered nickel electrodes, % B = m|lianpere-hours capacity_of
each of theq&nﬁsiwéeeeécndoﬁeiaﬁladﬁr@ﬂschavgnggaggaéésﬂhﬁlMﬂ&ik&ﬂn0f
cycle, mAh C = anount of nickel hydroxide contained in the

active material.

In Fig. 6, the ampere-hours capacity of each battery is
plotted on an ordinate against the percentages (by weight)
of cobalt compounds contained in the composite particles on
an abscissa. In Fig. 6, the ampere-hours capacity of each
battery is indicated on the premise that the ampere-hours
capacity of an Ni-Cd battery incorporating the second
electrode X1 was 100:

Fig. § indicates that a drastic décrease in the ampere-
hours capacity is encountered when thg percentages of cobalt
compounds contained in the composite particles are greater
than 10 % by weight. This may be attributed to the fact
that only a small amount of nickel hydroxide used as the
active material is'available. On the basis of the results
given in Table V and Fig. 6, it may be concluded that, in
order to obtain a non-sintered nickel electrode having a
high electrode capacity and a high utilization of active

~material, the percentage of a cobalt compound contained in
the composite particles should preferably fall within the

range between 1 and 10 % by weight in terms of cobalt atoms.

EXAKPLE 8

In this Example, the relationship between the specific



pul verul ent active material, g The results are given in Table Ill, wherein
the utilizations of active materials in the respective non- sintered nickel
el ectrodes are indicated on the prem se that the value of D found with
respect to the second el ectrode -30- X1 was 100. -31- [err] - 32-

Table 111 indicates that, because of fie-fact that the pul verul ent active
material used in the second el ectrode X1 had a higher specific electric
conductivity [err] than the

electric conductivities & of the pulverulent active
materials and the utilizations of active materials in non-
sintered nickel electrodes was sought.

Pulverulent active materials were prepared in a manner
similar to the preparation of those which were prepared for
the second electrode X1 and the control electrodes Yl and Y2
except that the cobalt compounds were heated for 1, 2, 4, 6
and 10 hours respectively instead of being heated for 8
hours. The specific electric conductivities x of these
pulverulent active materials were measured by means of the
apparatus X undeﬁ the condition that they underwent a
pressure of 400 kgf/cm?. Non-sintered nickel electrodes p
to w and Ni-Cd batteries incorporating the same were
prepared in a manner similar to the preparation of the
second electrode X1 except that the aforesaid pulverulent
active materials were used. § utilization of active
material in each of the non-sintéred nickel electrodes was
found at the tenth cycle in the same manner as described
above. The results are given in Table VI, which also
includes data on the Ni-Cd battery incorporating the second
<clectrode X1 (in which thé pulverulent active material
having a specific electric conductivity of 1 X 10 ¢ Q-!-
cn~! was used). In Table VI, the utilizations of active
materials in the respective electrodes are indicated on the

premise that the value of D found with respect to the second
electrode X1 was 100.



pul verul ent active materials used in the control electrodes Y1 to Y4, the
former was nade available in a higher degree than the latter. EXAMPLE 6 In
this Exanple, the relationship between the sodium contents of the cobalt
conmpound formng the electric conduction |ayer and the utilizations of
active materials in non-sintered nickel electrodes was sought. This Exanple
differed from Exanple 1 by the fact thatggln preparing cobalt conpounds
cont ai ni ng sodi um cobalt hydroxi de and g, 10, 15, 35, 40, 45 or 50 % by
wei ght aqueous sodi um hydr oxi de solution were m xed with each ot her. The

sodi um conten of —the cobatt—Tompounds obtarned trominis mxture |were 0.
05, 0. 1, 0.5,{5, 10,{ 12 anelp-&dby Webehinc=Nan- si otaked niuskah
el ectrodes A tp=G werfe prépRRPLLa MR P ar T hE pPRpdfatilon of
the aforesaid . el g ade X1 excep at o¥e : bt ai ned
fromthe aforepaid mxture were used. Then, al kaline storage batteriles
I ncorporating t Bese e] ectrodes a to e and X1 were prepared. Then t he
batteries were| §ibjected to 10 cycles of charge and discharge in thgq same
manner as descrﬁpggﬁabove. i -
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A utilization of active material in each of the non- -33- sintered

ni ckel el ectrodes was found at the tenth cycle, and the relationship

bet ween the sodi um contents of the cobalt conpound containi ng sodi um and
the utilization of active material was found. The results are given in
Table IV and Fig. 5. The utilizations of active materials in the
respective non-sintered nickel electrodes are plotted in Fig. 5 on an
ordi nate agai nst the sodi um contents of -@icobalt compound contai ni ng sodi um
on an abscissa. Fig. 5 further includes data on the second el ectrode X1
(containing 1 % by weight sodiun. On the ordinate of Fig. 5, the
utilizations of Tahliee Wht énddcaties ttha fresipeciadse mﬁ)rpotsaﬁt ef QB DPAUALS
el ectrodes are indicated on the prem se that the value of D found with
respect tocordaigdogl soéiumodaont simderssl nickel electrodes in which

the vtilizations of active materials are especially high
presuppose that the specific electric conductivity « is 1 X
105 Q-'.ci™! or more.

EXAMPLE 9

In this Example, the relationship between the mean
diameters of the pulverulent active material and the
electrode capacity of the non-sintered nickel electrodes was
sought.

A pulverulent active materialihaviné nean diameters of
1, 2, 8, 5, 15, 20, 22 and 25 g m and consisting of grains
of nickel hydroxide, each of which was a composite particle
having a surface coated with an electric conduction layer
consisting of a cobalt compound containing sodium, was
prepared in a manner similar to the preparation of the
pulverulent active material for the second electrode X1
except that nickel hydroxide powder having.vérious mean
diameters was used. Non-sintered nickel electrodes p to w
and Ni-Cd batteries incorporating the same were prepared in
; manner similar to the preparation of the second electrode
X1 except that the aforesaid pulverulent active material was
used. The ampere-hours capacity of each battery was
measured at the tenth cycle in the same manner as descfibed

above. The results are given in TableVl, which also

includes data on the Ni-Cd battery incorporating the second



-34-" [err] Table IV and Fig. 5 indicate that a cobalt conpound (used as

an electric conduction layer) containing 0.1 to 10 % by wei ght sodi um nakes
it possible to obtain a non- sintered nickel electrode having an especially
high utilization of active material. EXAMPLE 7 In this Exanple, the

rel ati onshi ps between the utilizations of active materials in non-sintered

ni ckel el ectrodes and the percentages of cobalt conmpounds (used as electric
conduction layers) contained in the compdsite particles and between the

el ectrode capacities and the aforesaid percentages were sought. In a nanner

simlar to i op:qf ul tyi [
second el egtltkgcdgfﬁg%(ra%%p? 1'?‘ hg}td]f%g g\éﬁe;géjgfggggllte@ur?g? é v?oléj%)lig%‘q%ald a
di fferent ratj I Nt saghi er.J wer e, p ed ymn the
f or m of coﬁ%ﬁ% %a???glggéﬁﬁﬁgfnéggfgféﬁ Vé's déﬁ&%. FnPTEB2e"" VI,
the ampere-hours capacity of each battery is indicated on
the premise that the ampere-hours capacity of an Ni-Cd

battery incorporating the second electrode X1 was 100.



1, 10, 12 and 15 % by wei ght cobalt conpounds (used as el ectric conduction
| ayers) respectively in terns of cobalt atons. The sodi um contents of the
cobalt compounds contained in the pul verulent active materials were
adjusted to 1 % by weight. Non-sintered nickel electrodes a to e were
prepared in a manner simlar to the preparation of the aforesaid second

el ectrode X1 except that the aforesaid pul verulent active nmaterials were

used. Then, al kaline storage batterie#3mcorporating these electrodes a to
e and -36- X1 were_prepared Then the batteries were. )

bjected to 10
cycles of charge and|di scharjge in the same manner as descrfi bed above. A
utilization of active¢ terijal in each of the non- sinteregd nickel
el ectrodes was found the tenth cycle, and the relationship between the
utilizations of actiV& &aterfals in non-_si nt ered ni ckel _eljectrodes and the

Qo [=258"s) r Oy | g .
percentages of cobal § sconpounds cant em nedl i he wompose t €] particles was
sought. The results %;é.given in Table V.
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whi ch al so indicates data on the second el ectrode X1 (containing 5 % by
‘“wei ght cobalt conpound). In Table V, the utilizations of active materials
in the respective electrodes are indicated on the prem se that the val ue of
D found with respect to the second el ectrode X1 was 100. -37- [err]
-38- Table V indicates that conposite particles containing 1 % by wei ght
cobalt conpounds nake it possible to obtéd-n a non-sintered nickel electrode
having a high utilization of active material. In Fig. 6, the anpere-hours
capacity of each Batrley iVl plnttiek besarthati tisiee mganngtiane i caht dges
(by weight) of cobalt conpounds contained in the conposite particles on an
absci ssa. | Rutvgrugd enitha cdiper aiafaria ko dipddiing ol tddan the range between
3 and 20 £z m makes it possible to obtain a non-sintered
nickel electrode having a high electrode capacity.

From the foregoing, it will be apparent that the
conductive agent in accordance with the present invention
has a high electric conductivity, that this conductive agent
is added to an active material used in the first electrode
in accordance with the present invention, resulting in a
high utilization of active material, and that the second
electrode in accordance with the present invention is
adapted to make an active material available in a high
degree because the pulverulent active material consists of
grains, each of which is coated with an electric conduction

layer having a high electric condutivity.



batt’ery is indicated-on the prem.se that the anpere-hours capacity of an

Ni - Cd battery incorpohgtd second el ectrode X1 was 100. Fig. 6

i ndi cates that a draéﬂi’!@@ﬂg@jﬂgw he anpere- hours capacity is

encount ered when the Mbbalt conpounds contained in the
conposite particles are greater than 10 % by weight. This nmay be attri buted

to the fact that only a small anount of ni,gkel hydroxide used as the active
material is available. On the basis of theresults given in Table V and

Fig. 6, it gﬁg be corclud d.that, in order to obtain a non-sintered nickel
el ectrode hE¥dhgls fighlefledtrode capacity and a high utilization of active

material, the percentage o cobalt c ound.cont.ai ned in the conmposjte
particles shoul d preﬁe%&ﬂ%ﬂéﬁﬂYevﬁgﬁ?ﬁn?ﬂé ?éﬁ@ 1B&t gﬁafﬁgﬁf?égg%%§
wei ght in terns &i cobal,t ,atonms. EXAMPLE 8 In this Exanple, the
relationshighﬁﬁ? ehizfd {Pecific -39- electric conductivities [err] of

the pulverulent gLYVen aqueous solution of sodium hydroxide is added

to cobalt or a cobalt compound;

that a mixture of said aqueous solution of sodium
hydroxide and said cobalt or said cobalt compound is heated
to a temperature falling within a range between 50 °C and
200°C; and

that said adding and said heating steps are such that a
conductive agent containing 0.1 to 10 ¥ by weight sodium

-

results therefrom.
2. The conductive agent as defined in claim 1, wherein
said cobalt compound is cobalt hydroxide.
3. The conductive agent as defined in claim 1, wherein
said cobalt cbmpound is cobalt oxide.
4. The conductive agent as éefined in claim 1, wherein
said mixture is heated for 0.5 to 10 hours. _
. 5. A non-sintered nickel electrode for alkaline
storage batteries characterized in:
that an aqueous solution of sodium hydroxide is added
to cobalt or a cobalt compound;
that a mixture of said aqueous solution of sodium
hydroxide and said cobalt or said cobalt compound is heated

to a temperature falling within a range between 50 °C and
200°C;



“materials and the utilizations of active materials in non- sintered nickel
el ectrodes was sought .- Pul verul ent _active materials were prepared in a

manner simlar to th ation of those which were prepared for the
second el ectrode X1 B‘ﬂlﬂmm&uml}"" | ectrodes Y1 and Y2 except that the
cobalt conmpounds wer e drnonsiiIM, 4, 6 and 10 hours respectively

I nstead of being heated for 8 hours. The specific electric conductivities
[err] of these pulverulent active naterial46mwere neasured by neans of the

apparatus M under the condition that they underwent a pressure of 400

kgf/cnferr]. Nothst né£i@dadd £kl aglicshiadReabing eps AreGudbettkhates
i ncorporating the sane were prepared in a nanner sinilar to the preparation

of the secofignéhedtivedes gdnexeonttaieinghe. af aoesd o phyveedlgdritt sardivm
materials were used. A utilization of active naterial in each of the

non- si nt er edesubkel thteefrofesands found at the tenth cycle in the same
manner as descri bed above. The results are given in Table VI, which al so

i ncl udes data onthhé Nai@ detdecyivecagnratisngadbeds¢oond pallacdroben X1
(in which the pulverulent active material having a specific electric

conductivitacbivd Katérfiedr boasfietringvast ugmdi)ns dfh Madkel \Wydtdeide or
utilizations of active
grains mainly constituted by nickel hydroxide such that 1 to
20 parts by weight of said conductive'agent is added to 100
parts by weight nickel hydroxide contained in said
pulverulent active material.
6. The non-sintered nickel electrode as definmed in
claim 5, wherein said cobalt compound is cobalt hydroxide.
7. The non-sintered nickel electrode as defined in
claim 5, wherein said cobalt compound is cobalt oxide.
| 8. The non-sintered nickel electrode as defined in
claim 5, wherein said grains mainly constituted by nickel
hydroxide take the form of a solid solution of a foreign
element or elements in nickellhydroxide, said foreign
element or elements being at least one selected from the
group of cobalt, zinc, cadmium, calcium, manganese and
magnesium. '
~ 9. The non-sintered nickel electrode as defined in
claim 5, wherein it takes 0.5 to 10 hours for said
conductive agent to be heated for production.
10. A non-sintered nickel electrode for alkaline

storage batteries comprising:

a pulverulent active material in the form of composite



materials in the respective el ectrodes are indicated on the prem se that

t he val ue
-40- .[err]

of D found-w-th respect_ to the second el ectrode X1 was 100.

-41-
cont ai ni ng sodiund'

of active

electric conductivity [err] is 1

i ndicates that, in case of cobalt conpounds
Jﬁg Jﬂ [ffJf<e! el ectrodes in which the utilizations
mat er i al s+ are IHIBE} hi gh presuppose that the specific

fO[eﬁBr . cnerr] or more. EXAWPLE 9 In

this Exanple, the relationship between the nean di aneters of the

ul verul ent act.i ve nmateri al nd the electrode ¢ i.ty. of .the non-si.ntered
P\i ckel el e&qrofd&lqﬁascwqfng op grains o nlglpgf h)ydrox1dhe or grains

mainly constituted by nickel hydroxide; and

each of said grains having a surface formed with an
electric conduction layer consisting of a cobalt compound
containing 0.1 to 10 ¥ by weight sodium.

11. The non-sintered nickel electrode as defined in
claim 10, wherein said composite particles contain 1 to 10 ¥
by weight cobalt compound containing sodium, said
percentage by weight being expresséd in terms of cobalt

atoms.

12. The non-sintered nickel electrode as defined in

claim 10. wherein said pulverulent active material has a -

mean diameter of 3 to 20 uxm and a specific electric
conductivity of 1 X 10°% Q -!'.cm~! or more under the

condition that a pressure of 400 kgf/cm® is applied thereto.

13. The non-sintered nickei electrode as defined in
claim 10, wherein said grains mainly constituted by nickel
hydroxide take the form of a solid solution of a foreign
element or elements in nickel hydroxide, said foreign
element or elemeﬁts being at least one selected from the
group of cobalt, zinc, cadmium, calcium, manganese and
magnesium.

14. The non-sintered nickel electrode as defined in
claim 10, wherein said pulverulent active material is

produced by adding an aqueous solution of sodium hydroxide



A pul verul ent active material having nmean dianeters of 1, 2, 3, 5, 15, 20,
22 and 25 [err] m and-consisting..of _grains of nickel hydroxide, each of

whi ch was a conposi Lcl e having a surface coated with an electric
conduction | ayer aﬂﬁlﬁﬁmﬂmﬁuuﬂutbalt conpound cont ai ni ng sodi um was
prepared in a nman Ll preparation of the pul verul ent .active
material for the second el ectrode X1 except that nickel hydroxi de powder

havi ng vari ous nean di aneters was usedt48Non-sintered nickel electrodes p
to wand N -Cd batteries incorporating the sane were prepared in a manner

simlar to {fecpugnRs attico Hf t4lkq secopd sl eeingde Xigeadas ofanitdkel
af oresai d pul verulent active material was used. The anpere-hours capacity

of each batyyd ¥o¥B&e "BRSPradnd! nbfie lyetidh spidht éd Bheniscloe] neydeox bde,
descri bed above. The results are given in Table VII, which also includes

data on theedh CGof bahi€hY haBCQr RUrFaicey fidymedeacith a colfaltlbayepderxa (in
whi ch the pul verulent active material having a nean dianeter of 10 [err]m

was used). cdBaT@btmpYulnd layer, and by heating the mixture to 50 to
200°C.

15. The non-sintered nickel electrode as defined in
claim 14, wherein it takes 0.5 to 10 hours for said
pulverulent active material to be heated for production.

16. The non-sintered nickel electrode as defined in
claim 14, wherein said cobalt compound layer is made up of

cobalt hydroxide.

-

17. The non-sintered nickel electrode as defined in
claim 14, wherein said cobalt compound layer is made up of
cobalt oxide.

18. The non-sintered nickel electrode as defined in

_claim 14, wherein said cobalt compound layer is formed
either by pouring nickel hydroxidé powder or by pouring
particulate matter mainly constituted by nickel hydroxide
into an aqueous solution of cobalt sulfate, by adding an
aqueous solution of sodium hydroxide, and by precipitating a
cobalt compound on surfaces of grains of nickel hydroxide
or grains mainly constituted by nickel hydroxide.

19. The non-sintered nickel electrode as defined in
claim 14, wherein said cobalt compound layer is formed, by a
mechanical charging method, on surfaces of nickel hydroxide

powder or particulate matter mainly constituted by nickel



t he anpere-hours capacity of each battery is indicated on the prem se that
"the anpere-hours capacity of an Ni -Cd battery incorporating the second

el ect.rode X1 was 100. -43- -44- Table VII indicates that the
mean di aneter of a p:’]"ﬂlliﬂg!mmmhmtmt erial falling within the range
between 3 and 20 [err[i e s I ble to obtain a non-sintered nicke
el ectrode having a high el ectrode capaci%%. Fromthe foregoing, it wll be

apparent that the conductive agent in actordance with the present invention

has a high electric conductivity, that this conductive agent is added to an
active nat ehydrondde.i sahd wetbodebedmgodsha raateni dedcanwithe tt oha btent
invention, resulting in a high utilization of active material, and that the
second oxide powder or cobalt hydroxide powder is fluxed with said
nickel hydroxide powder or said particulate matter mainly
constituted by nickel hydroxide.
20. The non-sintered nickel electrode as defined in
claim 14, wherein said cobalt layer is formed, by a
mechanical charging method, on surfaces of nickel hydroxide
powder or particulate matter mainly constituted by nickel
hydroxide, said method being characterized in that cobalt
powder is fluxed with said nickel hydroxide powder or said

particulate matter mainly constituted by nickel hydroxide.



el ectrode in accordance with the present invention is adapted to make an
active material available in a high degree because the pul verul ent active
materi al consists of grains, each of which is coated with an electric
conduction |layer having a high electric condutivity. This4heet N3k Beeni Replaced
clainmed is: 1. A conductive agent for alkaline storage b

characterized in: that an aqueous sol uti eggef sodi um hyd

cobalt or a cobalt conpound; that a m xture of said aqueous solu

dto
I on of
sodi um hydroxi de and said cobalt or said cobalt conpound is heated to a

tenperature falling within a range bebggzg é@ [err]C and 200[err]C ; and
that said adding and said heating ste é uch that a conductive agent

Com T 10 0k B SR RS T TR F R R ESS #RRANSTIN Fhorage
batteries in accordance with one aspect of the present
invention contains 0.1 to 10 % by weight sodium. This
sodium content results from cobalt or a cobalt compound, to
which an aqueous solution of sodium hydroxide is added and
heated to 50 to 200°C. A non-sintered nickel electrode for
use in alkaline storage batteries is also proposed. In this
electrode, the aforesaid conductive agent in accordance
with the present invention is added to a pulverulent active
material consisting of grains of nickel hydroxide or grains
mainly constituted by nickel hydroxide such that 1 to 20
parts by weight of the conductive agent is added to 100
parts by weight nickel hydroxide contained in the
pulverulent active material. Another non-sintered nickel
electrode for use in alkaline storage batteries is also
proposed. - In this electrode, an active material takes the
form of composite particles consisting of grains of nickel
hydroxide or grains mainly constituted by nickel hydroxide,
each of which has a surface formed with an electric
<conduction layer consisting of a cobalt compound containing
0.1 to 10 % by weight sodium.

The conductive agent in accordance with the present
invention has a high electric conductivity. This conductive
agent is added to an active material used in the first

mentioned electrode, resulting in a high utilization of

THIS SHEET HAS BEEN
REPLACED




sai d cobalt conpound is cobalt hydroxide. 3. The conductive agent as

defined in claim1, wherein said cobalt conpound is cobglisiQeHeeBeetRephbR
conductive agent as defined in claim1l, wherein said for
0.5 to 10 hours. 5. A non-sintered nickel electrode forjglu w mm
batteries characterized in: that an agueous sol ution e IS

added to cobalt or a cobalt conpound; that a m xture of said aqueous
sol ution of sodium hydroxi de and said cob&lt or said cobalt conmpound is
heated to a tenperature faIIing within a range between 50 [err]C and

200[err] C -46- that s ng and,sai d, heati,n S
congjuct}ve ﬁﬁéﬁt"ecé‘f?tfaqrrﬁarjg qu@o%bxge%}gﬂﬁd gb ﬁF?@guﬁsggagiggrom
and that said congductive a ent is dde.d verul ent a I
consi sting &@ g‘?%ﬁﬁsad* ?\F ke h‘i‘/ﬁl%&)ﬁ oF“""‘piLf BT 3N £hi¥R WEEeR
because the pulverulent active material consists of grainms,

each of which is coated with an electric conduction layer

having a high electric conductivity.

(Fig. 1)

THIS SHEET HAS BEEN
REPLACED




grarns mainly constituted by nickel hydroxide such that 1 to 20 parts by
 weight of said conductive agent is added to 100 parts by wei ght nickel
hydr oxi de contained in said pulverulent active material. 6. The
non-sintered nickel electrode as defined in claimb5, wherein said cobalt
conpound i s cobalt hydroxide. 7. The non-sintered nickel electrode as
defined in claim5, wherein said cobahygponpound is cobalt oxide. 8. The
non-si ntered nickel electrode as defined in claimb5, wherein said grains
mai nly constituted by nickel hydroxide take the formof a solid solution of
a foreign elenent or elenents in nickel hydroxide, said foreign el enent or
el ements being at |east one selected fromthe group of cobalt, zinc,
cadm um cal cium manganese and nmagnesium 9. The non-sintered nickel
el ectrode as defined in claimb5, wherein it takes 0.5 to 10 hours for said
conductive agent to be heated for production. 10. A non-sintered nickel

el ectrode for al kaline storage batteries conprising: a pulverulent active
material in the formof conposite
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parti cl es consisting of grains of nickel hydroxide or grains mainly
constituted by nickel hydroxide; and each of said grains having a surface
formed with an electric conduction |ayer consisting of a cobalt conpound
containing 0.1 to 10 % by wei ght sodium 11. The non-sintered nickel

el ectrode as defined in claim 10, wherein said conposite particles contain
1 to 10 % by wei ght cobalt conmpound contai ning sodium said percentage by
wei ght being expressed in terns of cobalt atons. 12. The non-sintered

ni ckel electrode as defined in claim1lgsgwherein said pulverulent active
material has a nean dianeter of 3 to 20 [err] mand a specific electric
conductivity of 1 X 10[err]. cnferr] or nore under the condition that a
pressure of 400 kgf/cnferr] is applied thereto. 13. The non-sintered nickel
el ectrode as defined in claim210, wherein said grains minly constituted by
ni ckel hydroxide take the formof a solid solution of a foreign elenent or

el ements in nickel hydroxide, said foreign elenent or elenents being at
| east one selected fromthe
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group of cobalt, zinc, cadm um cal cium nmanganese and magnesium 14. The
" non-sintered nickel electrode as defined in claim 10, wherein said

pul verul ent active material is produced by addi ng an aqueous sol ution of
sodi um hydr oxi de -48- to conposite particles consisting of grains of

ni ckel hydroxide or grains mainly constituted by nickel hydroxide, each of
whi ch has a surface formed with a cobalt |ayer or a cobalt conpound | ayer,
and by heating the mxture to 50 to 200[err]C. 15. The non-sintered nickel
el ectrode as defined in claim14, wheragi/6 it takes 0.5 to 10 _hours for said
pul verul ent active material to be heated for production. 16. The
non-sintered nickel electrode as defined in claim 14, wherein said cobalt
conmpound | ayer is made up of cobalt hydroxide. 17. The non-sintered nickel

el ectrode as defined in claim 14, wherein said cobalt compound |ayer is
madeup of
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cobalt oxide. 18. The non-sintered nickel electrode as defined in claim 14,
" wherein said cobalt conpound layer is fornmed either by pouring nickel

hydr oxi de powder or by pouring particulate matter mainly constituted by

ni ckel hydroxide into an aqueous solution of cobalt sulfate, by adding an
aqueous sol ution of sodium hydroxide, and by precipitating a cobalt
conpound on surfaces of grains of nickel hydroxide or grains mainly
constituted by nickel hydroxide. 19. The non-sintered nickel electrode as
defined in claim 14, wherein sajid cobalt conpound |ayer is forned, by a
mechani cal chargi ng nmet hod, on surf aces 4 ni ckel hydr oxi de powder or
particulate matter nmainly constituted by nickel -49- hydroxi de, said
nmet hod bei ng characterized in that cobalt oxide powder or cobalt hydroxide
powder is fluxed with said nickel hydroxide powder or said particulate
matter mainly constituted by nickel hydroxide. 20. The non-sintered nickel

el ectrode as defined in
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~clai'm 14, wherein said cobalt layer is forned, by a nechanical

nmet hod, on surfaces of nickel hydroxi de powder or particulate matter mainly
constituted by nickel hydroxide, said nethod being characterized in that
cobalt powder is fluxed with said nickel hydroxide powder or said
particulate matter mainly constituted by nickel hydroxide.
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ABSTRACT

CONDUCTIVE AGENT AND NON-SINTERED NICKEL ELECTRODE FOR

ALKALINE STORAGE BATTERIES

Proposed'is a conductive agent for alkaline storage
batteries containing 0.1 1o 10 % by weight sodium. This
conductive agent has a high electric conductivity. Also
proposed is a noﬁ-sintered nicke; electrode for alkaline
storage batteries wherein the aforesaid conductive agent is
added in a specified amount to a pulverulent active material
consisting of grains of nickel hydroxide or grains mainly
constituted by nickel hydroxide. This electrode has a high.
utilization of active material. Also proposed is another
non-sintered nickellelectrode for alkaline storage batteries.
vherein an active material takes the form of compositie
particles consisting of grains of nickel hydroxide or ggainﬁ
mainly constituted by nickel hydroxide, each of vhich has a
surface formed with an electric conduction layer consisting
of a cobalt compound containing 0.1 to 10 % by weight

sodium. This electrode has a high electric conductivity.

(Fig.1)
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