UMM O

AU9514936

(12) PATENT ABRIDGMENT  (11) pocumentno AU-B-14936/95
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No 670897

(54) Title
ALKALINE MANGANESE BATTERY
International Patent Classtfication(s
(51)" HOiIM 004/62 HO1M 004/06 HO1M 004/36 HO1M 004/50
HOtM 004/58
(21} Application No : 14936/95 (22) Application Date . 20.03.95
(30} Prionty Data
(31) Number (32) Date (33) Country
657335 28.03.94 JP JAPAN
(43} Publication Date 02.11.95
(44) Publication Date of Accepted Application 01.08.96
(71) Applicant(s)
MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD
(72) Inventor(s)
YUJI MOTOTANI; JUNICHI ASAOKA; HITOSHI TANAKA
(74) Alorney or Agenl
GRIFFITH HACK & CO, GPO Box 1285K, MELBOURNE VIC 3001
(56) Prior Art Documents
JP 56-118267
JP 56-128578
(57) Claim
1. An alkali-manganese battery having a positive

electrode active material which comprises primarily
manganese dioxide and electroconductive carbon material,
said electroconductive carbon material comprising expanded
graphite particles having an average particle size in the
range from 0.5 to 15 pm,

3. The alkali-manganese battery according to claim 1
or 2, wherein the content .f said expanded graphite
particles is in the range from 2 to 8% by weight based on

the solids in said positive electrode active material.

5. The alkali-manganese battery according to any
preceding claim, wherein said expanded graphite is of

artificial graphite origin.
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The following statement is a full description of this
invention, including the best metkod of performing it known
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an alkali-
manganese battery containing manganese dioxide as positive
electrode active material, and more particularly to an

improvement of the positive electrode active material.

Description of‘the Related Art

In conventional alkali-manganese batteries, there
have been used positive electrode active materials
comprising a mixture of manganese dioxide particles and
powdery carbon which was added to enhance the
electroconductivity between the manganese dioxide particies
as well as to improve the electroconductivity between a
positive electrode can and the positive electrode active
material contained therein instead of the use of manganese
dioxide (ordinarily electrolytic manganese dioxide)
particles alone as positive electrode active material
because manganese dioxide itself has quite a low specific
conductivity.

A higher content of powdery carbon in the mixed
positive electrode active material gives rise to a reduced
proportion of the manganese dioxide active material to be
charged in the specific volume in the battery, which
receives the mixture of the manganese dioxide active

material and the powdery carbon. This causes a reduction in
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the discharge capacity of the battery, though the internal
resistance of the battery is reduced. On the other hand, a
lower content of powdery carbon increases the proportion of
manganese dioxide to be charged in the battery with an
increase in the internal resistance thereof. Since the
increase in the proportion of the manganese dioxide active
material to be charged opposes the reduction in battery's
internal resistance of the battery in a manner as described
above, it is important to achieve a compromise between them.

In order to achieve a compromise between the both
requirements of increasing the amount of the manganese
dioxide active material to be charged and of reducing the
battery's internal resistance, there has been proposed the
use of a positive electrode active material comprising a
mixture of manganese dioxide particles and a 10 % or more of
carbon particles having the same average particle size as

that of the manganese dioxide particles as disclosed in

JP54-26426A and JP63-232266A) .

SUMMARY OF THE INVENTION

An object of the present invention is to provide
an alkali-manganese battery having an increased discharge
capacity and excellent discharge characteristics by
increasing the proportion of manganese dioxide as positive
electrode active material to be charged in the alkali-
manganese battery as much as possible with an increase in
battery's internal resistance being suppressed.

Ahother object of the present invention is to
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provide an alkali-manganese battery containing a positive
electrode active material which comprises primarily
manganese dioxide and electroconductive carbon material,
said electroconductive carbon material comprising expanded
graphite particles having an average particle size in the
range from 0.5 to 15 um.

Still another object of the present invention is
to provide an alkali-manganese battery as described above,
wherein the content of the expanded graphite particles is in
the range from 2 to 8 % by weight based on the solids in the
mixed positive electrode active material.

Still another object of the present invention is
to provide an alkali-manganese battery as described above,
wherein said expanded graphite is of artificial graphite

origin.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagrammatical cross-sectional
view taken in the longitudinal direction of the AA type
alkaline battery LR6 in Examples.

Figure 2 is a graph showing the relationship
between the average particle size of graphite and the
internal resistance of the battery.

Figure 3 is a graph showing the relationship
between the average particle size of graphite and the
discharge time of the battery.

Figure 4 is a graph showing the relationship

between the content of graphite and the internal resistance
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of the battery.
Figure 5 is a graph showing the relationship
between the content of graphite and the discharge time of

the battery.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTWS

According to the present invention, it has been
found that the contact property between the carbon particles
and manganese dioxide particles can be improved by the use
of an expanded graphite having an average particle size in
the range of 0.5 to 15 pm, preferably 0.5 to 6 um instead of
using the conventional carbon particles, which facilitates
formation of elgctronically conductive network and reduces
the amount of ménganese dioxide particles not pertaining to
an electrdchemically reducing reaction, thereby resulting in
an enhanced utilization of the manganese dioxide particles
on the overall mixed Sositive electrode active material.
The graphite particles obtained by crushing an expanded
graphite may be presumed to have less number of carbon
network planes in the graphite layered structure. For this
reason, the expanded graphite particles have a reduced
thickness in the direction of the C axis of the graphite
crystal and gives an increased number of particles per unit
weight which affords an increased number of contacts with
particulate manganese dioxide, which in turn enhances the
electronic conductivity of the mixed positive electrode
active material. The particulate graphite has inherently a

poor electronic conductivity in
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the direction parallel to the C axis of the graphite crystal
and an excellent electronic conductivity in the direction
perpendicular to the C axis, so that such thinner thickness
in the C axis direction of the particles assures the high
electronic conductivity of the mixed positive electrode
active material even with a reduced amount of the
electroconductive carbon material being incorporated.
Moreover, expanded graphite has a configuration like flaky
graphite and a sufficiently high compressibility to achieve
more intimate contact with manganese dioxide particles as
well as good moldability of the mixed positive electrode
active material. This is considered contributable to the
formation of good electronically conductive network with the
manganese dioxide positive electrode active material. The
artificial graphite which has been used heretofore has poor
moldability and leads to higher specific resistance of the
positive electrode active material containing the graphite
under the conditions of a lower content of electroconductive
carbon material of not ‘higher than 10 % and/or a smaller
average particle size of the elecﬁroconductive carbon
material of not larger than 15 um. In contrast, the use of
the expanded graphite excellent in electronic conductivity
and moldability having a small average particle size of 0.5
to 15 um, preferably 0.5 to 6 um affords an increased number
of graphite particles per unit weight and an increased
number of contacts with particulate manganese dioxide as
compared to those achieved with expanded graphite of larger

particle size, which allows less number of
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graphite particles to be used to achieve desired
characteristics. Thus, even a lower content of the
electroconductive carbon material of 2 to 8 % by weight,
preferably 3 to 6 % by weight ensures the mixed positive
electrode active material a high moldability, suppresses an
increase in battery's internal resistance and allows the
proportion of manganese dioxide to be increased in the mixed
positive electrode active material.

The expanded graphite should be produced from
artificial graphite because artificial graphite contains
less impurity such as iron and retains so lower level of
impurity even after expanded as desired for use in battery
material, though the expanded graphite is almost the same in
the characteristics regarding electronic conductivity and
moldability of the mixed positive electrode active material
as the unexpanded artificial graphite. Particularly for
alkali-manganese batteries with non-amalgamated zinc which
require much less impure starting materials, the exXxpanded
graphite derived from artificial graphite as starting
material is useful.

Figure 1 shows a vertical side view of the
cylindrical alkaline battery LR6 used in Examples with a
cross-sectional view of a right side half. A positive
electrode active material comprising a mixture of manganese
dioxide and electroconductive carbon material 2 is charged
in a metal case 1, a separator 3 is inserted, and then a
gel-like negative electrode 4 is poured into the inside of

the separator 3. A negative collector 6 integrated with a
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resin seal 5 and a bottom plate 7 is plugged in the gel-like
negative electrode to form a unit battery.

The present invention is illustrated with

reference to Examples.

Example 1

LR6 type alkali-manganese batteries were prepared
with a mixed positive electrode active material (2)
containing 4 % by weight of an electroconductive carbon
material having a varying average particle size in the range
of 0.5 to 30 pm, wherein the carbon material was
conventional artificial graphite particles or expanded
graphite particles which had been prepared by introducing
sulfuric acid into between interlayers of the artificial
graphite used as starting material and heating rapidly the
graphite at a temperature of 800 to 1000 C to expand
greatly spaces between the interlayers of the graphite in
the direction perpendicular to the plane of interlayer and
then crushing the resultant expanded graphite. The
batteries were evaluated for discharge characteristics.
Test data were obtained for battery's internal resistance
and continuously discharging time under a load of 3.9 @
with a terminal voltage of 0.9 V. Figure 2 shows the
internal resistance and Figure 3 shows the continuously
discharging time under a load of 3.9 Q when the average
particle sizes of the expanded graphite and unexpanded
artificial graphite were varied in the range of 0.5 to 30

um.
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When the electroconductive carbon material used
was the expanded graphite having an average particle size in
the range from 15 to 0.5 pum, the batteries were more
effectively suppressed in an increase in their internal
resistance than those using the unexpanded artificial
graphite having the same average particle size, and
exhibited a lower internal resistance than that (about 0.2
Q ) obtained with the conventional artificial graphite
having an average particle size of 30 pm. When the expanded
graphite had an average particle size of 30 pm, the
batteries were little different from tkose with the
artificial graphite having an average particle size of 30
um. Thus the use of the expanded graphite having an average
particle size in the range from 0.5 to 15 um affords
enhanced moldability of the mixed positive electrode active
material, which enables the use of graphite particles having
a smaller particle size with a higher number of graphite
particles per unit weight to achieve an satisfactory
electronic conductivity. Even with expanded graphite,
however, a smaller average particle size less than 0 5 um
thereof results in a reduced adhesiveness of the graphite
particles to manganese dioxide particles which leads to poor
electronic conductivity. Next, for the continuous discharge
capacity under a load of 3.9 Q with a terminal voltage of
0.9 V, the use of the expanded graphite having an average
particle size in the range from 15 to 0.5 um as
electroconductive carbon material enables longer discharge

times than those achieved with unexpanded
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artificial graphite having the same average particle size,
thus affords more excellent discharge characteristics. When
the expanded graphite had an average particle size of 30 um,
the batteries were little different from those with the
unexpanded artificial graphite having an average particle
size of 30 pum. It has also been found that the use of
unexpanded artificial graphite having a smaller average
particle size renders the discharge time shorter, while the
use of expanded graphite allows reaching a maximum discharge
time within the range of average particle size from about 1

to 2 um.

Example 2

LR6 type alkali-manganese batteries were prepared
with a mixed positive electrode active material (2)
containing a varying weight in the range from 1 to 10 % by
weight of an electroconductive carbon material, wherein the
carbon material was the expanded graphite particles having
an average particle size of 2 um, or the unexpanded-
artificial graphite particles having an average partlgle
size of 30 um. The batteries were subjected to identical
discharge tests to those in Example 1. Figure 4 shows the
relationship between the internal resistance and the content
of graphite when the amounts of the expanded graphite and
the unexpanded artificial graphite were varied in the range
tfrom 1 to 10 % by weight, and Figure 5 shows the
relationship between thc continuously discharging time under

a load of 3.9 Q and the content of graphite.
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When the expanded graphite was used as
electroconductive carbon material in a content of the
graphite in the range from 8 to 1 % by weight, the graphite
suppressed more effectively an increase in battery's
internal resistance than the unexpanded artificial graphite
used in the same content. Next when the content of the
expanded graphite is 10 % by weight, the batteries were
little different from those using a content of the
unexpanded artificial graphite of 10 % by weight. The
internal resistance of the batteries increase with reducing
the content of electroconductive carbon material. A content
of the unexpanded artificial graphite having an average
particle size of 30 pym of less than 4 % by weight and a
content of the expanded graphite having an average particle
size of 2 um of less than 2 % by weight were both
unsatisfactory for batteries in view of workability of
appliances equipped with the batteries because of battery's
internal resistance higher than 0.2 Q . Next for the
continuous discharge capacity under a load of 3.9 Q with a
terminal voltage of 0.9 V, the use of the expanded graphite
in a content of 8 to 1 % by weight as electroconductive
carbon material results in longer discharge times than those
achieved with unexpanded artificial graphite in the same
content, thus can gives more excellent discharge
characteristics. When the content of the expanded graphite
igs lower than 2 % by weight, the batteries exhibited shorter
discharge times indicating that they were inferior in

discharge characteristics to those using a content of the
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unexpanded artificial graphite of 10 % by weight. Moreover,
when the content of the expanded graphite used as
electroconductive carbon material is 10 % by weight, the
resultant batteries were little different from those using a
content of the unexpanded artificial graphite of 10 % by
welght. It has also been found that when the unexpanded
artificial graphite was used as electroconductive carbon
material, the discharge time reached a maximum at a content
of the graphite of about 8 % by weight, while the use of
expanded graphite allows reaching a maximum discharge time
at a content of the graphite of about 4 % by weight. From
the foregoing test results, it can be found that when the
expanded graphite is used as electroconductive carbon
material and its content is in the range from 2 to 8 % by
weight, an increase in battery's internal resistance can be
suppressed and enhanced discharge characteristics can be
achieved.

Though the expanded graphite used here as well as
in Example 1 were derived from artificial graphite as
starting material, other expanded graphites derived from
naturally occurring graphite such as flaky or scale-like
graphite have been found to have physical properties such as
electronic conductivity and moldability not inferior to
those of artificial graphite and have been confirmed to be
capable of suppressing an increase in battery's internal
resistance and affording excellent discharge
characteristics.

As described above, the present invention provides
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an alkaline battery having a higher discharge capacity and
excellent discharge characteristics with an increase in its
internal resistance being suppressed by using expanded

graphite particles.



10

LR

.‘.. : 15

WL, 20

25

30

- 13 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An alkali-manganese battery having a positive
electrode active material which comprises primarily
manganese dioxide and electroconductive carbon material,
said electroconductive carbon material comprising expanded
graphite particles having an average particle size in the
range from 0.5 to 15 um.

2. An alkali-manganese battery according to claim 1
in which the average particle size is in the range 0.5 to §
pm.

3. The alkali-manganese battery according to claim 1
or 2, wherein the content of said expanded graphite
particles is in the range from 2 to 8% by weight based on
the solids in said positive electrode active material.

4. The alkali-manganese battery according to claim
3, in which the content of said expanded graphite particles
ig in the range from 3 to 6% by weight.

5. The alkali-manganese battery according to any
preceding claim, wherein said expanded graphite is of
artificial graphite origin.

6. An alkali-manganese battery substantially as
hereinbefore described with reference to any one of the
accompanying examples.

7. An alkali-manganese battery substantially as
hereinbefore described with reference to any one of the
accompanying drawings.

Dated: 6 June 1996

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD
By Its Patent Attorneys

GRIFFITH HACK & CO

Fellows Institute of Patent Attorneys of Australia

staffiridrkeep/pal/retynes/ 14936 95 66 96



ABSTRACT OF THE DISCLOSURE

An alkaline battery having excellent discharge
characteristics and higher discharge capacity with an
increase in its internal resistance being suppressed 1is
disclosed. The alkaline battery has a positive electrode
active material which comprises primarily manganese dioxide
and electroconductive carbon material. The
electroconductive carbon material comprises expanded
graphite particles having an average particle size in the
range from 0.5 to 15 pm, and the content of the expanded
graphite particles is in the range from 2 to 8 % by weight

based ¢n the solids in the positive electrode active

material.
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BATTERY'S INTERNAL RESISTANCE (Q)

FIG. 2
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BATTERY'S DISCHARGE TIME (min)

FIG 3
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BATTERY’S INTERNAL RESISTANCE ()

FIG 4
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BATTERY’'S DISCHARGE TIME (min)

FIG S

400

350~ -‘LEXPANDED GRAPHITE
.

[ ]
300+ ‘/- >8‘\
-0 o)
-
250 o
‘ 7 .
® N _UNEXPANDED ARTIFICIAL
200 -4 GRAPHITE
/
150 //
d
100~
50
O ; ! ] T
o 1 2 a 6 8 10

CONTENT OF GRAPHITE (%)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

