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The present invention relates to an alkaline dry

battery excellent in discharge performance and safety.

Background Art

With advance and progress of portable information
devices such as mobile phones and digital cameras, there have
been desired alkaline dry batteries capable of highly loaded
discharge.

With regard to this, in conventional alkaline dry
batteries, a particle size of a zinc powder contained in a gel
negative electrode has been made small for improving anighly
loaded discharge performance. Specifically in practice has
been to increase the amount of tﬁe zinc particles having a
small particle size in the particle size distribution of the
zinc powder. This is aimed at improving the reaction
efficiency of the negative electrode attributed to the large
specific surface area of the zinc particles having a small
particle size.

However, there is a problem in such improvement of
the reaction efficiency by immoderately reducing the particle

size of the zinc powder, that in a case where a battery is



short-circuited, the surface tenperature of the battery rises and thereby
t he anobunt of gas generated inside the battery increases, resulting in the
hi gher possibility of electrolyte |eakage outside of the battery. That is
to say, in the conventional technique, it has been relatively difficult to
realize both inprovenent of discharge performance by reducing the particle
size of the zinc powder and safety maintenance, in a balanced manner. Al so
in the conventional alkaline dry battery, as a negative el ectrode active
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zinc powder and safety maintenance, in a balanced manner.

Also in the conventional alkaline dry battery, as a
negative electrode active material used has been a zinc powder
including 90% or more of zinc particles having a relatively
large particle size of 75 to 425 um, and as a separator used
has been one having a thickness of about 300 im.

As described above, however, there has been a demand
for alkaline dry batteries capable of highly loaded discharge
and having long cycle life, with recent advance and progress
of portable information devices such as mobile phones.

In response to this demand, studies have been made
on reduction in thickness of the separator for lowering the
resistance of the separator so as to improve the highly loaded
discharge performance.

However, there has been a problem, in reduction in
thickness of the separator with the use of the conventional
zinc powder having a large particle size, that an internal

short circuit may occur in the battery in such highly loaded

discharge as 3.9 Q for 5 minutes/day. This is because the zinc



the crystals of zinc grow to be acicular, which penetrate the separator to
cause the internal short circuit. On the other hand, another effort to
inprove the highly |oaded discharge pesformance has been made by
increasing a proportion of a zinc powder having a small particle size to
be used as a negative electrode active material. It has been revealed, in
this effort, that an increase in proportion of the zinc powder having a
small particle size allows effective suppression of the internal short
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material. It has been revealed, in this effort, that an
increase in proportion of the zihé powder having a small
particle size allows effective suppression of the internal
short circuit of the battery.

Then, a first object of the present invention is to
provide an alkaline dry battery low in the possibility of
electrolyte leakage and excellent in discharge performance.
Further, a second object of the present invention is to
provide an aikaline dry battery which is unlikely to cause an
internal short circuit even with reduction in thickness of the
separator, by leading to a favorable relation between the

particle size of the zinc powder and the thickness of the

separator.

Disclosure of Invention

In order to solve the above problem, the present
invention is primarily characterized in that in an al#aline
dry battery comprising a negative electrode containing a zinc

powder, an electrolyte, a separator and a positive electrode,



It is preferable that when the zinc powder includes 65 to 75 wt % of first
zinc particles having a particle size of larger than 75 am and not | arger
than 425 amand 35 to 25 wt % of second «inc particles having a particle
size of not larger than 75 am the electrolyte contains 37.5 to 38.5 Mm%
of KOH It is also preferable that the separator has a thickness of 190 to
320 am The thickness of the separator here refers to a total thickness of
the separator before absorption of the electrolyte inside the battery.
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of second zinc particles having a particle size of not larger
than 75 um, the electrolyte contains 37.5 to 38.5 wt% of KOH.
It is also preferable that the separator has a
thickness of 190 to 320 um. The thickness of the separator
here refers to a iotal thickness of the separator before
absorption of the electrolyte inside the battery. Generally
used is a separator obtained by laminating thinner separators
to be cylindrical and folding down one of the open ends
thereof to finally have a cylinder-shaped configuration.
Namely, the thickness of the separator in the present
invention refers to a total thickness of the separator thus
configured and accommodated inside the battery before
absorption of the electrolyte. For example, when a separator
having a thickness of X (um) is doubled to be cylindrical and
accommodated inside the battery, the thickness of the
separator is 2X (um).
It is also preferable that when the zinc powder

includes 65 to 75 wt% of first zinc particles having a

particle size of larger than 75 um and not larger than 425 um



one exanple of an alkaline dry battery in accordance with the present
i nvention. Best Mdde for Carrying Qut the Invention An alkaline dry battery
in accordance with the present inventibn is primarily characterized in
that as a zinc powder of a negative electrode, one including 65 to 75 w %
of first zinc particles having a particle size of larger than 75 Am and
not |arger than 425 Amand 25 to 35 wt % of second zinc particles having a
particle size of not larger than 75 Amis wused. Below, a description wll
be given tgnd wWh Rioeher abk eoerdsimentind pagetoldariceving ha tiertpradsent
i nvention. Enbodinent 1 As thus described, in the conventional technique, a
particle Séi?‘ef Yt ok Mar OO art 075#3%@0'0@{& eQedtPEURLE VEON BABES O has
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particles V|ng particle size of 75 to 425 amand 5 wt % of second zinc
particles ﬁ partlcle size of smaller than 75 am has been used.
Further, the concentratlon in a KOH aqueous solution used for an

el ectrolyte has been 40 % As opposed to this, an alkaline dry battery in
accor dance mﬁth Enbodi ment 1 of the present invention conprises a negative

el ectrode ﬁp | G4 tﬁbHCoPoﬁf%W1n§§1 el ectrolyte containing KOH and a
positive € ro e coftalning nanganese dioxide and a graphite powder, the
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one example of an alkaline dry battery in accordance with the

present invention.

Best Mode for Carrying Out the Invention

An alkaline dry battery in accordance with the
present invention is primarily characterized in that as a zinc
powder of a negative electrode, one including 65 to 75 wt? of
first zinc particles having a particle size of larger than 75
um and not larger than 425 um and 25 to 35 wt% of second zinc .
particles having a particle size of not larger than 75 um is
used.

Below, a description will be given to two preferable

embodiments in accordance with the present invention.

Embodiment 1

As thus described, in the conventional technique, a
particle size of a zinc powder to be added to a negative
electrode has 5een reduced from the viewpoint of improving

discharge performance of a battery. Specifically, a zinc



particle size of larger than 75 am and not |arger than 425 um and 25 to 35
wt % of second zinc particles having a particle size of not |arger than 75
am and the KOH concentration in the ebectrolyte being from37.5 to 38.5
% The present inventors have acconplished an alkaline dry battery in
accordance with Enbodiment 1 of the present invention which is excellent
in safety while maintaining inprovenent of discharge performance by
further reducing the concentration of the electrolyte, since an i mobderate
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have been teser above are used as the zinc powder for use in the gel
negative E%é%%fi%%% da%%g%QEVS|82£5f4éﬁéicontaining a zinc powder, an

electrolyte containing KOH and a positive electrode containing
manganese dioxide and a graphite powder, the zinc powder
including 65 to 75 wt% of first zinc particles having a
particle size of larger than 75 um and not larger than 425 um
and 25 to 35 wt% of second zinc particles having a particle
size of not larger than 75 um, and the KOH concentration in
the electrolyte being from 37.5 to 38.5 %.

The present inventors have accompiished an alkaline
dry battery ih accordance with Embodiment 1 of the present
invention which is excellent in safety while maintaining
improvement of discharge performance by further reducing the
concentration of the electrolyte, since an immoderate increase
in amount of the zinc powder having a small particle size
allows improvement of discharge performance but relatively
increases chances of leakage of the electrolyte to the outside
of the battery.

| Namely, lowering of the KOH concentration in the

electrolyte prevents a reaction product of zinc from



For exanple, the positive el ectrode can be produced by m xi ng manganese

di oxi de, a graphite powder and an al kaline solution such as a KOH sol ution
to obtain a positive electrode naterialy m xture and using the usual

manner. Enbodi nent 2 As thus described, there has been a problemin
reduci ng the thickness of the separator while using the conventional zinc
powder that the zinc powder is oxidized corresponding to the battery
reaction, to formacicular crystals which penetrate the separator. Wth
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" The alkaline dry Baftery in accordance with

Embodiment 1 of the present invention may be produced in the
usual manner, except that what have been described above are
used as the zinc powder for use in the gel negative electrode
and the electrolyte.

For example, the positive electrode can be produced
by mixing manganese dioxide, a graphite powder and an alkaline

solution such as a KOH solution to obtain a positive electrode

material mixture and using the usual manner.

Embodiment 2

As thus described, there has been a problem in
reducing the thickness of the separator while using the
conventional zinc powder that the zinc powder is oxidized
corresponding to the battery reaction, to form acicular
crystals which penetrate the separator. With regard to this,
the pfesent inventors conducted extensive studies on the

particle size distribution of the zinc powder and the



of not larger than 75 Amis increased to exceed 40 wt% in the zinc powder
safety of the obtained battery at the tine of the short circuit is 1
| owered. The use of the aforesaid zinc powder enables a total thickness of
the separator inside the battery to be from190 to 320 Amw thout inducing
the internal short circuit so that the active naterial amount of the
positive el ectrode or the negative electrode can be increased to inprove
the di scharge performance. Herein, in a case where the separator has a
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particles having a particle size of larger than 75 um and not
larger than 425 um.and 20 to 40 wt% of second zinc particles
having a particle size of not larger than 75 um is used.

When the mean particle size of a zinc particle is
made larger than the conventional one, the area of the zinc
particle to contribute to the battery reaction is reduced,
decreasing the discharge performance. Moreover, when the
amount of second zinc particles having a small particle size
of not larger than 75 um is increased to exceed. 40 wt% in the
zinc powder, safety of the obtained battery at the time of the
short circuit is lowered.

The use of the aforesaid zinc powder enables a total
thickness of the separator inside the battery to be from 190
to 320 #m without inducing the internal short circuit so that
the active material amount of the positive electrode or the
negative electrode can be increased to improve the discharge
performance.

Herein, in a case where the separator has a

thickness of more than 320 um, the occupied volume of the



absorption of the electrolyte. For exanple, when a separator having a

t hi ckness of X (gn) is doubled to be cylindrical and accommbdated i nside
the battery, the thickness of the sepamator is 2X (gnm. Further, as for a
separator having a density of nore than 0.35 g/cnB, the separator swells
to a greater degree after absorption of the electrolyte and thus the
occupi ed volune of the separator within the battery increases, neking it
i npossible for a desired active material to be filled, and thereby the
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total thickness of the separator before absorption of the
electrolyte inside the battery. Generally used is a separator
obtained by laminating thinner separators to be cylindrical
and folding down one of the open ends thereof to finally have
a cylinder-shaped configuration. Namely, the thickness of the
separator in accordance with Embodiment 2 of the present
invention refers to a total thickness of the separator thus
configured and accommodated inside the battery before
absorption of the electrolyte. For example, when a separator
having a thickness of X (um) is doubled to be cylindrical and
accommodated inside the battery, the thickness of the
separator is 2X (um).

Further, as for a separator having a density of more
than 0.35 g/cm3, the separator swells to a greater degree
after absorption of the electrolyte and thus the occupied
volume of the separator within the battery increases, making
it impossible for a desired.active material to be filled, and

thereby the capacity of the battery becomes smaller. As for a



the present invention, it is preferable to use a non-woven fabric
separator nainly made of polyvinyl alcohol (vinylon) fibers and rayon
fibers, by reason of alkali resi stance,10iqui d absorbability and |iquid
retaining property. The positive electrode in accordance with Enbodi nent 2
of the present invention can be produced by, for exanple, mxing nanganese
di oxi de, a graphite powder and an al kali ne aqueous solution such as a KCH
aqueous solution to obtain a 11 positive el ectrode naterlal m xture and
using the gspatatet hearingAasaeholty hef elext rthlant 6. 26hg/cohw eritd oredd y- used
one can be used. A front view of part in cross-section of the alkaline
dry batt erynéfeS COIFRIEGE toi hikeheher Bstaindlnstoritoeircsitvomre i HikelG 1.
In FIG 1, a positive electrode material mxture 2 forned to be in the
shape of arghgeéugy!dudrics Pengirhelon eof sepy atxikded gendratgél negative

el ectrode 3 are accommodated inside a battery case 1. As the battery case

L, a steel c6aseopdhddng @ iehsl dartbey cafactreltipoahdthe bepataker can be
used. A plurr. I|ty of the positive electrode material mxtures 2 are
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materi al ?éf?@1¥3f%rﬂ he Belo Beg8t fyem®el ectrode 3 is filled stall
i nside there he follow ng, the present invention will be described
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. nparative Exanples 1 to 6
separator is preferably not more than 0.5 denier on the ground
that, when thé fineness is more than 0.5 denier, the separatoxr
having been made paper has a large void and hence the internal
short circuit due to the penetration of zinc oxide, generated
according to the battery reaction, through the separator, is
easy to occur. It is to be noted that the fibers are main
fibers to constitute the separator, excluding fibers as a
binder.

It should be noted that, while a variety pf
conventionally-used marerials can be used as materials for
constituting the separator in accordance with Embodiment 2 of
the present invention, it is preferable to use a non-woven
fabric separator mainly made of polyvinyl alcohol (vinylon)
fibers and rayon fibers, by reason of alkali resistance,
liquid absorbability and liquid retaining property.

The positive electrode in accordance with Embodiment
2 of the present invention can be produced by, for example,

mixing manganese dioxide, a graphite powder and an alkaline

agqueous solution such as a KOH aqueous solution to obtain a



In order to produce an al kaline dry battery in accordance wth Enbodi nent
1 above, having the structure shown in FIG 1, a positive el ectrode
material mxture 2 was produced in thel¥ollow ng manner. First, nanganese
oxi de, graphite and an al kaline electrolyte were m xed in the weight 12
ratio of 90:6:1, and the obtained m xture was stirred well and then
conpression nolded to be flaky. Subsequently, the flaky positive el ectrode
material m xture was grinded to be granular positive el ectrode nmateri al

m xtures, pdHiah werd edtassiel maderval mixsimy arshastihg ghanuseslometitodo 100
meshes were conpression nolded to be hollowcylindrical so as to obtain

the pell etylddkedroitd wa eeheelyode thd ardrjentibohalky 2uséduwnefcarthdeposi ti ve
el ectrode material mxtures 2 were inserted into the battery case 1 and

re-nol ded yddd), a conpressing jig to be in intimte contact wth the
internal wall of the battery case 1. At the center of the positive

el ectrode material avipHowiev2edi §P0sAet iMisicteskheebsiopryt case 1 as thus
described, a bottoned cylindrical separator 4 was di sposed, and then a

prescri bedame Yt ft?at%'e&?l i Hea 8t §Fd e b the g hehpi-geent ninverhion
separator 4. After a’l apse of prescribed tine, a gel negative electrode 3

conpri si ngs &hkqh{qguglqgtrolyte, a gelling agent and a zinc alloy
powder waslér$?e in the separator 4. For the gel negative electrode 3

used were 1 part by pygiyght j0f apﬁbyss@ﬂwreﬁdaﬂo@bemasetmelg:eiktmge agent, 33
parts by weight of a potassium hydroxi de aqueous solution with the

concentr at R, sH0MH hd kbl knapd 66 Rashsrticywingitticall pellet, a
! separator 4 and a gel negative electrode 3 are accommodated
inside a battery case 1. As the battery case 1, a steel case
with the inside thereof nickel-plated or the like can be used.
A plurality of the positive electrode material mixtures 2 are

accommodated inside the battery case 1, in the state of
intimate contact therewith. The separator 4 is disposed still
inside the positive electrode material mixture 2, and the gel
negative electrode 3 is filled still inside thereof.

In the following, the present invention will be

described more specifically using the examples; however, the

present invention is not limited thereto.

Examples 1 to 6 and Comparative Examples 1 to 6

In order to produce an alkaline dry battery in
accordance with Embodiment 1 above, having the structure shown
in FIG. 1, a positive electrode material mixture 2 was
produced in the following manner. First, manganese oxide,

graphite and an alkaline electrolyte were mixed in the weight



zinc powder. As the zinc powder used was a m xture of X wt% of second zinc
particles having a particle size of not larger than 75 gm shown in Table
1, and (100-X) W% of first zinc 13 partdicles having a particle size of

| arger than 75 Amand not |arger than 425 Am As the separator 4, a
non-woven fabric (thickness of 220 Anm made by m xi ng pol yvi nyl al cohol
fibers and rayon fibers in the weight ratio of 7:10 was used. It should be
noted that the density of the separator used was 0.30 g/cnB and the
fineness afattike dd bers:10 sodsthd wheainedsepatarervagmss tigrediseldr and
Further, the ratio of the fibers is not [imted to this, and other fibers
may be addegraTchpierdenn mobsaduantdey flakyegafiubsequleatiyodsheoflekY or 6
was installed in the center of the gel negative electrode 3. It should be
noted t hatpddia iRRgMieve rotiechabetei abinismre Gavagrindeddratiesl gHamlargasket
5 and a bottomplate 7 also serving as a negative el ectrode term nal

Then, the non Bad dfeckheabani teyiensaxtures , cuhipkdwens ¢lassiffedart of
the bottomplate 7 via the end of the gasket 3 so that the opening of the

battery caggpl 3asvedlgd thEi §ahhvied e Qut @b soofmeshed weéme battery case
1 was covered wth an exterior label 8 to obtain alkaline dry batteries 1

to 6 of t é?%’ﬂ ifoveREI 09 BEheLIMAGivarakkal soeasiryo datasries 1 to
6. [Evalué??g%f J?al articles of eachc§F'the above al kal i ne dry

batteries d ¢ o5 ANl GHERLAL kY6 3 kad i mateatiber mestdréo26 were
prepared and eval uated as foll ows.

Four of the positive electrode material mixtures 2
were inserted into the battery case 1 and re-molded with a
compressing jig to be in intimate contact with the internal
wall of the battery case 1.

At the center of the positive electrode material
mixture 2 disposed inside the battery case 1 as thus described,
a bottomed cylindrical separator 4 was disposed, and then a
prescribed amount of the alkaline electrolyte was charged into
the separator 4. After a lapse of prescribed time, a gel
negative electrode 3 comprising the alkaline electrolyte, a
! gelling agent and a zinc alloy powder was filled in the

separator 4.

For the gel negative electrode 3 used were 1 part by
weight of polysodium acrylate as the gelling agent, 33 parts
by weight of a potassium hydroxide aqueous solution with the
concentration shown in Table 1 and 66 parts by weight of a
zinc powder. As the zinc powder used was a mixture of X wt#%

of second zinc particles having a particle size of not larger

than 75 um, shown in Table 1, and (100-X) wt% of first zinc



(i) The nunmber of |iquid | eakage 14 Four articles of each alkaline dry
battery were prepared, connected in series and short-circuited at ordinary

tenperature to forma closed circuit, Wiich was stood still for 24 hours.
Then the circuit was opened, the nunber of the battery articles in which
l'iquid | eakage occurred after stood still for three days was counted, and

the liquid | eakage ratio {(battery with liquid |eakage / battery w thout
liquid |eakage) X 100) was shown in Table 1. (ii) Di scharge performnce
First, theastkaliesehdvyndad trnitdslat stibe phi taeger sthage 70 ?&%cﬂ“&t 8Py after
production) and after storage at 60C for seven days were subjected to

pul se di sqhaigee @hah0@25mbhn. 10 seconds-on and 50 seconds-off conducted for
one hour/day, and the discharge time until a voltage reached 0.9 V was
neasured. The average vatusepdrdthe di,sehapgevever GFOIEG (Ihdickpessopt each
battery was determ ned and then indicated by an index, assum ng that the
initial resw tunf na@EPdyaiiikeng Bpehpliy @lcahodnitheronznd 5@l e was 100.
The result was shown in Table 1. Next, the alkaline dry batteries at the
initial stiageanRt ahkewestpt agetiad 30 7Cl0orwaewseddaybt vieheuklifieected to

continuous discharge at a constant current of 1000 mA until a voltage

reached 0.814d aMatt h@eadensgey Vot wheofsdparatdirsubed geas i he3dfg/ arti cl es
of each battery was determined and then indicated by an i ndex, assum ng

that the iflid iale fieewlessobt Conpariene toxamplséifube bthe opepardtraWasxanpl e
s 0.3 denier. Further, the ratio of the fibers is not limited
’ to this, and other fibers may be added as a binder.

Subsequently, a negative electrode collector 6 was
installed in the center of the gel negative electrode 3. It
should be noted that the negative electrode collector 6 was
integrated with a gasket 5 and a bottom plate 7 also serving
as a negative electrode terminal.

Then, the open end of the battery case 1 was cramped
on the edge part of the bottom plate 7 via the end of the
gasket 5 so that the opening of the battery case 1 was sealed.
Finally, the outer surface of the battery case 1 was covered
with an exterior label 8 to obtain alkaline dry batteries 1 to
6 of the present invention and comparative alkaline dry

batteries 1 to 6.

[Evaluation]

plural articles of each of the above alkaline dry
batteries 1 to 6 and comparative alkaline dry batteries 1 to 6
were prepared and evaluated as follows.

(i) The number of liquid leakage




100. The result was shown in Table 1. Wien the sane eval uation was
conducted at a constant current of 500 mA, 250 mA or 100 mA, the simlar
result to the case of 1000 mA was obtadi4ed. Table 1 Liquid*C*D *A*Bl eakage
Initial Storage Initial Storage ratio (% )at 60Cat 6000 Conp.Ex.1 38.0 40 13
119 113 105 104 138.0350116113103102 Ex. 2. 38.0300115113104101
338.0250110107102100 Conp. Ex.2 38.0 20 0 102 100 100 94

Four articles of each alkaline dry battery were
prepared, connected in series and short-circuited at ordinary
temperature to form a closed circuit, which was stood still
for 24 hours. Then the circuit was opened, the number of the
battery articles in which liquid leakage occurred after stood
still for three days was counted, and the liquid leakage ratio
{ (battery with liquid leakage / battery without liquid
leakage) X 100} was shown in Table 1.

(ii) Discharge performance

First, the alkaline dry batteries at the initial
stage (immediately after production) and after storage at 60 C
for seven days were subjected to pulse discharge of 1000 ma,
10 seconds-on and 50 seconds-off conducted for one hour/day,
and the discharge time until a voltage reached 0.9 V was
measured. The average value of the discharge time of 10
articles of each bottery was determined and then indicated by
an index, assuming that the initial result of Comparative
Example 5 as a conventional example was 100. The result was

shown in Table 1.

Next, the alkaline dry batteries at the initial
stage and after storage at 60 C for seven days were subjected
to continuous discharge at a constant current of 1000 mA until
a voltage reached 0.9 V, and the average value of the
discharge time of 10 articles of each battery was determined
and then indicated by an index, assuming that the initial

result of Comparative Example 5 as a conventional example was



Conp. Ex.3 37.0 30 0 116 114 99 91 437.5300116114102101

Ex. 538. 0300115113102101 638.5300113112101101 439.0301111010810099
Conp. 540. 0_ 31009810098 5 Ex. 640. 0302318810510098 *A: El ectrol yte
Concentration (W% *B: Zinc particles of not nore than 75 um (X w% *C
D scharge performance 1, Pulse intermttent discharge *D: D scharge
performance 2, Constant current discharge It is found from Table 1 that
when a KOH aqueous solution with a concentration of 37.5 to 38.5 wt % was
used and 10zi NCheavatarlt n@isushoynséeofrblg e plReR cYRS SFRf ng a  particle
size of not larger than 75 gmwas used, an alkaline dry battery |owin
li qui d | eakageatabhowasdcendettentat m consthargeupeetbrafari®® &n BeO
obt ai ned. Exanples 7 to 26 and Conparative Exanples 7 to 17 16 Herein,

. ) an
al kal i ne dgy daatitoer yai ntReCotdalee Mistdit to the case of 1000 mA was

obtained.
Table 1
Ligquid *C *D
*A *B leakage L Storage . Storage
ratio(%) Initial at 60C Initial at 60°C
Comp.Ex.1 38.0 40 13 119 113 105 104
1 38.0 35 0 116 113 103 102
Ex. 2 38.0 30 0 115 113 104 101
) 3 38.0 25 0 110 107 102 100
Comp.Ex.2 38.0 20 0 102 100 100 94
Comp.Ex.3 37.0 30 0 116 114 99 91
4 37.5 30 0 116 114 102 101
Ex. 5 38.0 30 0 115 113 102 101
6 38.5 30 0 113 112 101 101
4 39.0 30 11 110 108 100 99
Cgr;p. 5| 40.0 | 5 3 100 98 100 98
) 6 40.0 30 23 108 105 100 98

*A: Electrolyte Concentration (wt%)
*B: Zinc particles of not more than 75 um (X wt%)
*C: Discharge performance 1, Pulse intermittent discharge

*D: Discharge performance 2, Constant current discharge

Tt is found from Table 1 that when a KOH aqueous
solution with a concentration of 37.5 to 38.5 wt¥ was used and
a zinc powder including second zinc particles having a
particle size of not larger than 75 um was used, an alkaline
dry battery low in liquid leakage ratio and excellent in

discharge performance can be obtained.

Examples 7 to 26 and Comparative Examples 7 to 17



Enbodi nrent 2 of the present invention having the structure shown in FIG 1
was produced. A positive electrode material m xture 2 was produced in the
foll ow ng manner. First, nmanganese oxi d& graphite and an al kaline
electrolyte were mxed in the weight ratio of 90:6:1, and the obtained

m xture was stirred well and then conpression nolded to be flaky.
Subsequently, the flaky positive electrode material m xture was grinded to
be granular positive electrode material mxtures, which were classified
with a sieve and th#egednul es afkdlineo dr90batsaey e raCCASIANCES 1R nol ded
to be hollowcylindrical so as to obtain the pellet-like positive

el ectrode mRS®TEin@Iinti2xtofr €h2. pFesient afnvend ipns havirg etlze t $dtc e i al

m xtures 2 were inserted into the battery case 1 and re-nolded with a

conpr essi Nghdwr id FiE 1N wiast prragecednt act with the internal wall of the
battery case 1. At the center of the positive electrode material mxture 2

di sposed i nside t he sb@ideghiveastedtfisild Matedaadr nheture a2 bers quegiuced
cylindrical separator 4 was disposed, and then a prescribed anount of the

al kal i ne e{gctie®! sd L MK L RRnged . | Hiestt hRangpaess wxidie Algdraphd teapsé of
prescribed time, a gel negative electrode 3 conprising the al kaline

el ectrol ytgn @ika&eidd i cxgariydadwereimixed Loy thewsedghasratidedfin the
separator 4. As the gel negatlve el ectrode 3 used was a gel 17 negative

el ectrode ¢0Mpri si&in kmardptadnedi gkt @fe paly sadirted aelyl abé wheéxh was the
gelling agent, 33 parts by weight of 38 wt% of a potassi um hydroxi de

aqueous sobghhBls Hh G RAYd To be flaky. Subsequently, the flaky
} positive electrode material mixture was grinded to be granular
positive electrode material mixtures, which were classified
with a sieve and the granules of 10 to 100 meshes were
compression molded to be hollow-cylindrical so as to obtain

the pellet-like positive electrode material mixture 2. Four

of the positive electrode material mixtures 2 were inserted
into the battery case 1 and re-molded with a compressing jig

to be in intimate contaci with the internal wall of the

battery case 1.

At the center of the positive electrode material
mixture 2 disposed inside the battery case 1 as thus described,
a bottomed cylindrical separator 4 was disposed, and then a
prescribed amount of the alkaline electrolyte was charged into
the separator 4. After a lapse of prescribed time, a gel
negative electrode 3 comprising the alkaline electrolyte, a
gelling agent and a zinc alloy powder was filled in the
separator 4.

As the gel negative electrode 3 used was a gel




by wei ght of a zinc powder. As the zinc powder used was one having a
particle size of not larger than 425 gm and including second particles
having a particle size of not larger theh 75 umin the amount (Y wt% shown
in Table 1 . As the separator 4, a non-woven fabric which was nade by

m xi ng pol yvinyl al cohol fibers and rayon fibers in the weight ratio of
7:10 and had the total thickness shown in Table 2. It should be noted that
the density of the separator wused was 0.30 g/cnB and the fineness of the
fibers to negasivé Wledtedsepanptbsinvmsl a3 tddyi weightr ehePOlY$REY M i 0 of
the fibers is not limted to this, and other fibers nay be added as a

bi nder. Subsegiugrd which Regatheegel g carerdol 138cperts wasweiekt 99 ed in
the center of the gel negative electrode 3. It should be noted that the

negative ehbgchfoder coldRcieiuf Wadroxide gatemhsnisphuaigasked 66 apeirt® bottom
plate 7 also serving as a negative electrode termnal. Then, the open end

of the batwwefﬁﬁﬁ de WA igkcapbRber 0N Alshehedgenpapéwddr tdeedo@somngl ate 7
via the end of the gasket 5 so that the opening of the battery case 1 was

seal ed. Fpakhy, athe-OHIRr s3uef 8eenst 1degdmttiniy 408seml ands iookeding with
an exterior |abel to obtain alkaline dry batteries LR6. [Evaluation] 18

i (i) OccULRERRE PArPHULAS B4RAABCE PhraDeDs nslzalicichatg@argerathanl es of
each of the above alkaline dry batteries were prepared and then subjected

to interm ygepl, di,Sehar Sfodt C@NQrki)oBnbRAt ihodgbdsl 3.9 0, the discharge
T As the separator 4, a non-woven fabric which was

made by mixing polyvinyl alcohol fibers and rayon fibers in

the weight ratio of 7:10 and had the total thickness shown in
mable 2. It should be noted that the density of the separator
used was 0.30 g/cm3 and the fineness of the fibers to

constitute the separator was 0.3 denier. Further, the ratio

of the fibers is not limited to this, and other fibers may be
added as a binder.

Subsequently, a negative electrode collector 6 was
installed in the center of the gel negative electrode 3. It
should be noted that the negative electrode collector 6 was
integrated with a gasket 5 and a bottom plate 7 also serving
as a negative electrode terminal.

Then, the open end of the battery case 1 was cramped
on the edge part of the bottom plate 7 via the end of the
gasket 5 so that the opening of the battery case 1 was sealed.
Finally, the outer surface of the battery case 1 was covered

with an exterior label 8 to obtain alkaline dry batteries LR6.

[Evaluation]



was 5 mnutes/day and a termnal voltage was 1.0 V. Then, the nunber of
the battery articles where abnornal discharge occurred as voltage steeply
dropped due to an internal short circdéPt in the middl e of the discharge
was counted. Herein, the alkaline dry batteries where abnormal discharge
occurred with a termnal voltage not less than 1.0 V was indicated as X,
ones where abnornmal discharge occurred wth a termnal voltage not |ess
than 0.75 V and less than 1.0 V as A, and ones where abnornal discharge
di d not oggyroushitenee t@r natalooguirragee debprnardale §4s€RaR99. 75 v as 0.
The results were shown in Tables 2 and 3. (ii) Life Next, the above

al kaline dry batteri@sastidless dfnieachl oft e ghovieedilkedipeaft®r production)
were subjected to continuous discharge at a constant current of 1000 mA,

and the tjARefALBUNESY Whésdrel amsedhent sUbjevind dge idgEREEtENE Vv was
measured. The results were shown in Tables 2 and 3. (iii) Safety Four

articles of;eashqgel ohN8orBOYEomltalY neadr yasbate € | eshendiis chermect&@ci n
series with a ledad wire and short- circuited, and the nunber of the

expl oded Ratd & widhkbsl@sywasd «ctermdalTholtegelwas erk VehollkeR n thipl es 2
and 3. 19 Table 2 Abnormal D scharge *GSafet - * *
number of the battery articles where abnormal discharge
occurred as voltage steeply dropped due to an internal short
circuit in the middle of the discharge was counted.

Herein, the alkaline dry batteries wheré'abnormal
discharge occurred with a terminal voltage not less than 1.0 V
was indicated as X, ones where abnormal discharge occurred
with a terminal voltage not less than 0.75 V and less than 1.0
V as A, and ones where abnormal discharge did not occur until
a terminal voltage droped to less than 0.75 v as O. The
results were shown in Tables 2 and 3.
(ii) Life

Next, the above alkaline dry batteries at the
initial stage (immediately after production) were subjected to
continuous discharge at a constant current of 1000 mA, and the
time (minutes) which elapsed until a voltage reached 1.0 V was
measured. The results were shown in Tables 2 and 3.
(iii) Safety

Four articles of each of the above alkaline dry
batteries were connected in series with a lead wire and short-

circuited, and the number of the exploded battery articles was

counted. The results were shown in Tables 2 and 3.



X00 - -

182500101020 Ex. 192203000101020 203500101030 214000101050

Conp. Ex. 105000101081 *E: Thi ckness of separator (um *F. Zinc particles of

not nore than 75 um (w %

y EFd Conp. Ex. 715019930 7200010960 8250010980 Ex.93203000101000
103500101010 114000101020 Conp. Ex. 815019980 122000101000 132500101010
Ex. 142503000101020 153500101030 1640001¥P1050 Conp. Ex. 915019980 172000101000

*G Constant current discharge Table 3

*E* FAbnor mal Di schar ge*GSaf ety Conp. Ex. 11150281010 222000101020
Table 2
*E +F Abnormal Discharge *G Safety
X VA O
Comp.Ex.7 15 0 1 9 93 0
7 20 0 0 10 96 0
8 320 25 0 0 10 98 0
Ex. ] 30 0 0 10 100 0
10 35 0 0 10 101 0
11 40 0 0 10 102 0
Comp.Ex.8 15 0 1 9 928 0
12 20 0 0 10 100 0
13 250 25 0 0 10 101 0
Ex. 14 30 0 0 10 102 0
15 35 0 0 10 103 0
16 40 0 0 10 105 0
! Comp .Ex.9 15 0 1 9 98 0
17 20 0 0 10 100 0
18 220 25 0 0 10 102 0
Ex. 19 30 0 0 10 102 0
20 35 0 0 10 103 0
21 40 0 0 10 105 0
Comp.Ex.10 50 0 0 10 108 1
*E: Thickness of separator (um)
*P: Zinc particles of not more than 75 um (wt%)
*G: Constant current discharge
Table 3
) *B *F Abnormal Discharge *G Safety
Comp.Ex.11 15 0 2 8 101 0
22 20 0 0 10 102 0
23 190 25 0 0 10 104 0
Ex. 24 30 0 0 10 105 0
25 35 0 0 10 108 0
26 40 0 0 10 111 0
12 15 6 4 0 103 0
13 20 5 5 0 105 0
Comp. 14 160 25 5 5 0 108 0
Ex. 15 30 4 6 0 111 0
16 35 3 7 0 114 0
17 40 3 6 1 116 0

*E. Thickness of separator (um)

*F: Zinc particles of not more than 75 um (wt%)




232500101040 Ex.241903000101050 253500101080 264000101110 12156401030
13205501050 Conp. 14255501080 Ex.15160304601110 16353701140 17403611160 *E:
Thi ckness of separator (um *F. Zinc pé?%icles of not nore than 75 gm (W %
20 *G Constant current discharge It was found from Tables 2 and 3 that
when a separator has a thickness of 190 to 320 gm and a zi nc powder
includes 20 to 40 W % of second zinc particles having a particle size of
not larger than 75 gm an alkaline dry battery excellent in battery
per f or mances :c Aoniséanbt atineent | dikdtangd Applicability As thus descri bed,
according to the present invention, an alkaline dry battery lowin the
possibility of electrolyte | eakage and excellent in discharge performance
can be obtained. Al so, according to the present invention, an alkaline
dry battery which i 3tuwaskeoynd of mauStabdrsi At aprdad thaorthe&d) Bcuit even with
the use of . thin separator can be provided by controlling a particle size
of a zi nc gguiertcashasehl thsckhess W Kidds$ooB28 g@pandt arzinc powder
includes 20 to 40 wt% of second zinc particles having a

particle size of not larger than 75 um, an alkaline dry

battery excellent in battery performance can be obtained.

Industrial Applicability

As thus described, according to the present
invention, an alkaline dry battery low in the possibility of
electrolyte leakage and excellent in discharge performance can
be obtained.

Also, according to the present invention, an
alkaline dry battery which is unlikely to cause an internal
short circuit even with the use of o thin separator can be
provided by controlling a particle size of a zinc powder as

well as the thickness of a separator.




21 CLAIMS 1. An alkaline dry battery conprising a negative electrode
containing a zinc powler, an electrolyte, a separator and a positive
el ectrode, wherein said zinc powder includes 65 to 75 m% of first zinc
particles having a particle size of larger than 75 pmand not |arger than
425 pm and 35 to 25 wt % of second zi ?i particles having a particle size
of not larger than 75 pm and said efectrolyte contains 37.5 to 38.5 W%
of KOH 2. The alkaline dry battery in accordance with Caim1l, wherein
said separator has a thickness of 19BAIMS 320 pm 3. The alkaline dry
battery in accordance with Caim1l1, wherein said separator has a density
of 0.25 to 0.35 g/cnB. 4. The alkaline dry battery in accordance with
Claim1l, wherein san sl atordry lcatiséry tedpbiy/s indea snepaving a fi neness
of not nore than 0.5 denjer. ,

electrode contalning a zinc powder, an electrolyte, a

gseparator and a positive electrode, wherein said zinc

powder includes 65 to 75 wt% of first zinc particles

having a particle size of larger than 75 um and not larger

than 425 um, and 35 to 25 wt% of second zinc particles

having a particle size of not larger than 75 um; and said

electrolyte contains 37.5 to 38.5 wt% of KOH.

2. The alkaline dry battery in accordance with
Claim 1, wherein said separator has a thickness of 190 to

320 pm.

3. The alkaline dry battery in accordance with
Claim 1, wherein said separator has a density of 0.25 to

0.35 g/cm’.

4. The alkaline dry battery in accordance with
Claim 1, wherein said separator is constituted by fibers

having a fineness of not more than 0.5 denier.



